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LIST OF COMMENLY USED TERMINOLOGY AND 
ABBREVIATIONS
The method:
Cardiotocography, electronic fetal heart rate monitoring (EFM)
External monitoring of the fetal heart rate, external ultrasound, ultrasound mode (US)
Internal monitoring of the fetal heart rate, direct monitoring of the fetal heart rate, direct 
mode (DI), fetal electrocardiogram (FECG)
 
External monitoring of uterine activity, external tocodynamometry, external tocography 
(ET)
Internal monitoring of uterine activity, internal intra uterine pressure (IUP) monitoring, 
internal tocography (IT)
The equipment:
Cardiotocograph, fetal heart rate monitor, fetal monitor
The recording:
Cardiotocogram (CTG), tracing, trace, recording, record
Fetal heart rate (FHR) pattern in beats per minute (BPM)
Uterine activity (UA) pattern, uterine contractions (UC)
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GENERAL INTRODUCTION AND OUTLINE OF THE 
THESIS
History
Before the 19th century, monitoring of the fetal condition during pregnancy and labour 
was by maternal perception of fetal movements and the growth of the uterus and its 
contents. Sudden absence of fetal movements in the second half of pregnancy was, at that 
time, a very serious emotional but also diagnostic problem. Usually one had to wait for some 
weeks in order to observe any growth of the uterus before fetal demise could be diagnosed 
and labour could be induced.1
This recurrent dilemma of whether or not the fetus had died in utero formed the major 
impulse for the development of new diagnostic tools for fetal monitoring. The discovery of 
the fetoscope around 1820 was a step forward in fetal surveillance. It enables the parturient 
to auscultate the fetal heart rate (FHR) and subsequently diagnose whether the fetus is alive 
or dead. In the following 150 years numerous efforts have been undertaken to make the FHR 
audible and visible. Experiments with techniques like fetal abdominal electrocardiography 
and phonocardiography failed, primarily due to technical problems. It was only when the 
fetal heart rate signal could easily be detected by means of Doppler ultrasound or through 
application of direct electrocardiography that cardiotocography became popular as the 
method to monitor the fetal condition.2,3,4
Monitoring of uterine activity (UA) developed later than monitoring of the FHR. In 
contrast to FHR monitoring, UA monitoring at first was obtained by the internal instead of 
the external method. In 1872 Schatz developed intra uterine pressure (IUP) recording of 
uterine contractions by means of an intraamniotic balloon catheter. This method was just 
as accurate as the current methods, making use of IUP catheters. Increased infection rates 
and time consuming procedures made, however, at that time IUP recording an unpopular 
method. The demand for external UA monitoring increased. With the development of an air 
filled zinc balloon in 1896, placed on the maternal abdomen, external UA monitoring was a 
fact. It was not earlier than the second world war that the development of UA monitoring 
accelerated.5
The idea to monitor both the FHR and the uterine contractions simultaneously originated 
from Hon and Caldeyro Barcia. The improvement in electronic technology at the beginning 
of modern era in the previous century finally made it possible to actually monitor FHR and 
uterine contractions. At first monitoring was only possible by invasive techniques. Only 
later, when electronics had further progressed, fetal monitoring returned to non-invasive 
techniques. It resulted in the introduction of continuous electronic fetal heart rate monitoring 
(EFM) as we still know it today.2 Initial monitors were bulky and generally limited to research 
applications. In 1968, the first commercially available cardiotocograph was produced and 
introduced by Hammacher in collaboration with Hewlett-Packard. Were the first monitors 
very sensitive to disturbances, over the years the quality of the cardiotocographs has 
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improved, resulting in a better and more reliable cardiotocogram (CTG).3 The question is do 
the current cardiotocographs live up to their standards? How is the quality of the obtained 
traces these days? 
Methods to monitor the fetal heart rate
Signal acquisition and processing by a cardiotocograph varies according to the method 
used to record the FHR signal: external ultrasound or direct via the fetal electrocardiogram.
External ultrasound cardiotocographs are based on the Doppler shift that occurs after 
insonation of a moving object. The ultrasound transducer sends ultrasonic waves from the 
maternal abdominal wall, which are reflected when they encounter a moving interface. There 
will be a frequency change (Doppler shift) in the reflected signal, which is converted into 
an electronic signal. Next autocorrelation takes place; the monitor compares the incoming 
signals with a stored version of the previous ones. The intervals between peaks of this 
autocorrelation function actually reflect the rate of the regular component of the heart beat 
signal and these are used to derive the record.6,7
With direct registration a fetal ECG signal is acquired by using a bipolar scalp electrode. 
The raw fetal ECG signal is amplified and filtered by a cardiotachometer. Finally, the interval 
between consecutive R wave peaks can be measured and processed into a heart rate in 
beats per minute (BPM).6,7
Recording of the maternal heart rate can occur with both recording techniques. In case 
of external ultrasound the transducer detects the maternal heart rate if the transducer 
is inadequately directed at the fetal heart. The signals detected are then from the blood 
flow in a maternal vessel. In the rare event that the fetus is dead, and there is no fetal 
electrocardiographic signal (internal method), the amplifier in the CTG monitor will increase 
the gain until a recognisable R wave is identified; in this case the R wave in the maternal ECG 
complex. In doubt if the detected signals originate from the fetus or the mother, real-time 
ultrasonography is recommended.6,7
Methods to monitor uterine contractions
Clinically, uterine contractions can be monitored by two techniques as well: external 
tocodynamometry or intra uterine pressure measurement. Both methods have advantages 
and disadvantages, and one or the other is more applicable in certain clinical situations.
With external monitoring uterine contractions are obtained by a tocodynamometer, which 
is in principle a weight with a centrally placed pressure sensitive button. It is placed on to 
the abdominal wall with a strap with moderate tension and reacts to uterine contractions by 
displacement. Correct position of the tocodynamometer is essential because if not placed 
over the proper part of the uterus, uterine activity may not be detected at all. Therefore, the 
transducer has to be placed where contractions are most easily felt manually. Afterwards, 
the “resting tone” is placed at 15-20 mm Hg to obtain the best tracing.7
Internal UA monitoring can be employed by using two types of IUP catheters, water 
column or electronic microtip. With both catheters, insertion takes place past the cervix 
14
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with the non flexible catheter introducer. To prevent perforation of the uterus with the IUP 
catheter, the introducer should never be placed beyond the tip of the fingers. The flexible 
IUP catheter is usually advanced into the uterus quite easily. The catheter should be inserted 
till the mark on the catheter is visible in the introitus of the vagina. Subsequently, the IUP 
catheter has to be calibrated at 0 mm Hg while the system is open to air.7
The principle of cardiotocography
The standard assessment of the fetal condition during labour and delivery is by means of 
cardiotocography, also named electronic fetal heart rate monitoring. EFM enables recording 
of tracings from the FHR and the uterine contraction curve using two methods: external or 
internal monitoring.8 With both methods the FHR and uterine contractions are graphically 
displaced on a paper tracing which is named a cardiotocogram (figure 1). The FHR is shown on 
the upper half of the CTG and is characterized by the baseline FHR, variability, decelerations 
and accelerations. Uterine contractions are exposed on the lower half. The FHR and UA are 
usually recorded on the vertical scale. The horizontal axis of the CTG represents time. The 
choice of vertical and horizontal scaling directly affects the appearance of the FHR and UA 
tracings. In the United States, the standard factors are 30 BPM/cm on the vertical scale and 3 
cm/minute on the horizontal scale. In Europe, standard factors are 20 BPM/cm (vertical) and 1 
or 2 cm/minute (horizontal). The European scaling factors accentuate apparent FHR variability 
and tend to make periodic changes appear more abrupt than American scaling factors.7
Continuous monitoring of the FHR provides more complete and objective information 
concerning the fetal condition than intermitted auscultation of the FHR. It enables 
interpretation of FHR patterns and more important interpretation of FHR patterns in relation 
to uterine contractions.8 The latter is the essential principle of EFM since uterine contractions 
figure 1 Cardiotocogram FHR and UA are recorded on the vertical scale; FHR in beats per minute 
and UA in mm Hg (only applicable for internal UA monitoring).
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decrease uterine artery blood flow and eventually can cause adverse fetal outcome.9-11 Since 
fetal death is almost always preceded by pathological changes in the FHR, EFM potentially is 
able to predict and prevent fetal death. 
The Cochrane database
The opinion on efficacy and safety of EFM today is still based on randomized controlled 
trials (RCTs) performed during the 1970s and 1980s. The general conclusion of those RCTs 
is that EFM results in an increased incidence of obstetric interventions without a significant 
improvement in fetal outcome. The only clinically significant benefit from the use of 
continuous EFM has been reduction in the incidence of neonatal seizures.8
In the RCTs continuous EFM was compared with intermittent auscultation. The studies 
suffer from a number of serious drawbacks and inadequacies: (1) study population consists 
of a mixture of low- and high-risk patients and preterm and term labours; (2) allocation to 
either intermittent or electronic FHR monitoring has been variable from coin toss, weekly 
allocation, serial numbers, to sealed envelopes; (3) outcome parameters varied likewise: 
Apgar scores, neonatal seizures, NICU admissions, perinatal deaths, frequency of operative 
vaginal deliveries, caesarean section incidence; (4) studies lack information on how EFM was 
performed, and (5) data substantiating the quality of FHR recording are missing. Nearly all of 
the RCTs would not fulfill current standards for quality of randomized controlled trials.8,12
In the 1970s and 1980s knowledge was limited concerning the many factors influencing 
FHR patterns such as fetal circadian rhythms, cycling of behavioral states and cardiovascular 
mechanisms. Likewise little was known about the effect of various maternal medications on 
the pattern in the FHR. Doubts arise how adequate FHR tracings were read and interpreted 
in that period.12
Based on the conclusions from previous RCTs, the International Federation of Gynaecology 
& Obstetrics (FIGO)13 and the Royal College of Obstetricians and Gynaecologists (RCOG)14 
guidelines on EFM advise continuous EFM only in high risk patients. For low risk patients it 
must be decided on individual basis. The American College of Obstetricians and Gynecologists 
(ACOG)15 does not decide on the monitoring method even for high risk patients and EFM 
is therefore not a required standard. Nevertheless, approximately 75% of deliveries are still 
monitored with EFM. One probable reason is that strict guidelines for intermittent auscultation 
cannot be followed in daily clinical practice due to inability to meet a 1:1 patient-to-nurse 
staffing requirement and the requested high auscultation frequency requirements.16
The hesitant approach to EFM relates to the increased incidence of operative deliveries 
and caesarean sections since the introduction of EFM. Consequently, whether or not 
justified, EFM has often been blamed to be primarily responsible for the increase in obstetric 
interventions. Following the introduction of cardiotocography, however, obstetrics and 
maternal-fetal medicine have developed in different directions. Certain changes in attitudes 
of the profession and the public have favoured obstetric interventions: a shift towards a 
far lower gestational age at which all what is possible is done to increase chances for fetal 
survival and diminished neonatal morbidity, another approach towards the fetus in breech 
16
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position both preterm and term, an increase in the maternal age for the first pregnancy, an 
increase in the number of twins and triplets, another look at the pain experienced by the 
mother during labour and delivery, other criteria for the duration of the birthing process, 
etc. The main line in obstetric policies has moved towards safety and prevention of serious 
maternal and fetal risks in all circumstances.17
  
In spite of its widespread use, EFM is surrounded by controversy. The source of the 
controversy lies in its limitations. Definitions of FHR patterns are not standardized and lead to 
poor reliability of FHR interpretation. The equipments ability to measure is never questioned 
and the quality of the obtained traces is presumed to be sufficiently adequate. Earlier 
experiences with EFM suggest otherwise. Studies on signal loss have reported percentages 
up to 40% for the external method during gestation18 and 16% for the internal method in 
the first stage of labour.19 These studies have been performed in the eighties and recent 
research addressing this subject has not been performed. Chapter 1 and 2 of this thesis 
address the quality of the intrapartum FHR trace in singletons and twin deliveries during the 
first and second stage of labour.   
The discussion of how to read and interpret cardiotocograms is nearly restricted to the 
FHR patterns. Uterine activity monitoring is, however, an essential part of cardiotocography. 
UA monitoring can be reached by two methods: external or internal. The two methods are 
reviewed in chapter 3. Other aspects of UA like quantitation units and abnormal contraction 
patterns are also discussed in this chapter.
External monitors are supposed to obtain high quality traces under optimal circumstances: 
a non-obese and relaxed patient. However, situations are seldom optimal. Obesity is becoming 
a more significant problem every year in modern western world.20 Maternal movements 
likewise affect the quality of the obtained trace. The quality of the uterine contraction curves 
obtained with external and internal monitoring during the two stages of labour is discussed 
in chapter 4.
An overview of the (patho) physiological mechanisms involved in the effects of uterine 
contractions on the fetal condition is presented in chapter 5. The influence of uterine 
contractions on the fetal condition is scarcely addressed in literature. Uterine activity in 
literature is merely linked to the progression in labour. Chapter 6 of this thesis studies the 
effect of elevated uterine activity on the fetal condition at birth. The thesis concludes with a 
general discussion and conclusion (chapter 7). 
Objectives of the thesis
The cardiotocograph acquires, processes, and displays an electronic signal resulting 
in a cardiotocogram. On the basis of the resulting CTG decisions are made for obstetric 
management. The recording of a fetal heart rate and uterine contraction trace is one step in 
the process of EFM. Figure 2 demonstrates the steps from transducer/electrode placing to 
obstetric management. This thesis focuses on the first step in this process: the methods to 
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obtain the tracings of the fetal heart rate and uterine contractions, in particular the quality 
of the acquisition of reliable FHR and UA signals.  
The primary aims of the research at the basis of the thesis have been the following:
1. To objectify quality of fetal heart rate tracings.
2. To objectify quality of uterine contraction curves.
3. To demonstrate the impact of excessive uterine activity on fetal condition.
4. To review the literature on monitoring and quantification of uterine activity.
5. To review the pathophysiological mechanisms to explain how uterine activity effects 
the condition of the fetus.
CTG  
description 
Obstetric 
management 
CTG 
interpretation 
Scaling factors 
Classification systems 
Quality of the traces 
Gestational age 
Fetal motility  
Maternal medication 
 
Maternal factors 
Fetal factors 
Local guidelines  
Cardiotocogram 
(CTG)  
CTG equipment 
Acquisition  
Processing 
Writing 
figure 2 Traject of decision making (Modified from thesis: Donker DK. Inter-observer variation in 
the assessment of fetal heart rate recordings).
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ABSTRACT
objective: To determine the quality of fetal heart rate (FHR) recordings during the first 
and second stage of labour by quantifying the amount of fetal signal loss in relation to the 
method of monitoring: external ultrasound or directly via a scalp electrode.
Study Design: Analysis of 239 intrapartum recordings stored between January 1 2001 and 
July 1 2001 from consecutive deliveries at the Vrije Universiteit Medical Center in Amsterdam. 
Singletons delivered via the vaginal route were included in the study. FHR recordings had 
duration of at least one hour prior to birth of the infant. Subdivision in three groups took 
place on the basis of the recording technique which had been used; ie, ultrasound, scalp 
electrode or a combination of both methods. FHR data was obtained using HP-M1350 
cardiotocographs. The status (pen on, pen off, maternal signal) and the mode of the signals 
were acquired. The duration of pen lifts and maternal signals was divided by the total 
duration of the recording. Statistical analysis were performed with the Mann-Whitney U test 
and the Wilcoxon signed ranks test. 
results: Recordings obtained via ultrasound demonstrated significantly more fetal signal loss 
than those obtained via the direct mode, particularly in the second stage. The International 
Federation of Gynecology and Obstetrics (FIGO) criteria for fetal signal loss with external 
ultrasound were not fulfilled during this stage for about half the cases. 
conclusion: Intrapartum FHR monitoring via a scalp electrode provides far better quality FHR 
signals than external ultrasound and deserves a more prominent position in fetal surveillance 
than it currently has.
24
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INTRODUCTION
In the United States 75 percent of the deliveries are monitored by electronic fetal heart rate 
monitoring (EFM).1 EFM is used to assess fetal well-being ante partum and during labour.2-4 
Since its introduction neonatal morbidity has been reduced but operative intervention has 
increased.2 
The value of EFM in clinical practice is surrounded by controversy.2-4 Difficulty in 
interpreting intrapartum cardiotocographic patterns by the obstetrician is assumed to be the 
main cause.1-4 To address this problem criteria for interpreting EFM have been established and 
computer-generated interpretations are being studied.5,6 The assumption that interpretation 
of the cardiotocogram (CTG) is the only factor which makes the use of EFM complicated 
is misleading. It implicates that the quality of fetal heart rate monitors is always adequate. 
Earlier experiences with external ultrasound recording during pregnancy and the first stage 
of labour suggest otherwise.7,8 Quality of fetal heart rate recordings expressed by the amount 
of signal loss in these studies averaged from approximately 15% to almost 40%. 
Generally guidelines lack information concerning the extent of signal loss acceptable for 
either recording method.9,10 Only the FIGO guidelines report on signal loss. Below 20% 
signal loss is considered as acceptable. However, this limit of 20% is not based upon any 
research.9 
The purpose of the current study was to determine the quality of FHR recordings during 
the first and second stage of labour. We have quantified the amount of fetal signal loss in 
relation to the method of monitoring: external ultrasound or direct via a scalp electrode.
METHODS
Recordings were from consecutive deliveries at the Vrije Universiteit Medical Center in 
Amsterdam January 1 2001 till July 1 2001. Cases with at least one hour of fetal heart 
rate recording prior to birth of the infant were selected for further analysis. In this period 
746 singleton deliveries took place, of which 591 were via the vaginal route. Twenty six 
cases were excluded because of severe fetal anomalies or fetal demise. The study profile 
is presented in figure 1. In 263 cases the last recording prior to birth was shorter than 
one hour, the recording ended more than ten minutes before the delivery of the infant or 
storage of the CTG had failed. In 9 cases the computer program could not analyse the CTG 
because its duration was longer than 15 hours. The final database consisted of 293 cases. 
The subdivision in groups is presented in figure 2, patients’ demographics in table 1.
Fetal heart rate (FHR) data was obtained using HP-M1350 cardiotocographs. These 
cardiotocographs sample the fetal heart rate at a frequency of 4Hz and uterine pressure at 
2Hz. The status (pen on, pen off) and the mode of the signals (US/direct FECG, external/
25
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internal pressure) are acquired. The raw signals are stored on a network server with the 
MOSOS centralized monitoring system (BMA Company, the Netherlands).
In order to analyze the signals a special program was developed. This program detects 
signal loss for the complete FHR recording during the first stage of labour and the second 
stage of labour in relation to the method that had been used, direct or external monitoring. 
Starting point of the recording was defined as the beginning of the appearance of fetal 
heart rate traces on the cardiotocogram and lasted until the second stage. The start time of 
the second stage was looked up in the patients’ chart and compared with the patterns of 
uterine activity obtained by internal uterine pressure monitoring when available. Analysis of 
the fetal heart rate trace finalized when the recording ended.
figure 1. Study profile. 
CTG: cardiotocography. 
26
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In 49 cases it appeared that not the fetal heart rate but the maternal heart rate was 
recorded (figure 3). This occurred only when ultrasound had been used. The monitored 
heart rate was assumed to be the mothers if it suddenly dropped below 100 beats per 
minute or more than 20 beats per minute from the baseline for more than 30 seconds. The 
heart rate tracing also had to return acutely to the baseline. These criteria concern the first 
stage of labour. It is almost impossible to distinguish between the mother’s heart rate and 
decelerations in the FHR during the second stage of labour. Finally, fetal signal loss is defined 
as the duration of pen lifts (pen off) plus the maternal signals divided by the total duration 
of the recording. 
figure 2. Flow diagram subdivision of the groups.
US: external ultrasound; DI: direct mode.
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The FHR was acquired via the external ultrasound mode or via the direct scalp electrode. 
The department’s policy is to start with external ultrasound, certainly as long as the 
membranes are intact. Transition to internal FHR monitoring generally occurs when the 
membranes are ruptured, when labour is induced with intravenous oxytocin and in case of 
an expected prolonged duration of the second stage of labour, in particular in nulliparous 
women. Another reason for internal FHR monitoring can be difficulties with the interpretation 
of the cardiotocogram due to excess signal loss.
The recordings were divided into three groups (figure 2). The first group (table 2) existed 
of 55 fetuses monitored by external ultrasound only. In this group, 47 fetuses were monitored 
table 1. Patients demographics (means ± SD)
   group 1 
(n = 55)
group 2 
(n = 78)
group 3 
(n = 160) 
Age (year) 32 ± 5 32 ± 5 32 ± 5
Gravidity 2.4 ± 1.6 2.7 ± 3.1 2.2 ± 1.2
Parity 0.7 ± 1.1 0.8 ± 1.0 0.7 ± 0.9
Gestational age (days) 260 ± 28 277 ± 11 277 ± 11
Birth weight (g) 2894 ± 927 3384 ± 510 3437 ± 571
Apgar Score 1 minute 8.3 ± 1.5 8.3 ± 1.3 8.3 ± 1.5
Apgar Score 5 minutes 9.3 ± 1.4 9.4 ± 1.1 9.5 ± 0.8
pH umbilical artery 7.23 ± 0.1 7.22 ± 0.08 7.22 ± 0.08
figure 3. Detection of the maternal heart rate due to loss of the fetal heart rate signal.28
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throughout the full process of labour. In seven cases the recordings stopped at the beginning 
of the second stage and birth of the infant was within ten minutes following full dilatation. 
In one case intrapartum cardiotocography was not started until the second stage.
The second group (table 3) consisted of 78 fetuses monitored by direct scalp electrode. 
Sixty-five cases had direct monitoring during both stages of labour. Five were also monitored 
by ultrasound during the last minutes prior to birth. Six were monitored only during the first 
stage of labour and 2 only during the second stage of labour.
In the third group (table 4) with 160 fetuses, both methods for monitoring had been 
used. All 160 fetuses had ultrasound during the first stage of whom 151 later on were 
monitored with a scalp electrode. In the second stage, 139 cases had direct registration of 
whom 29 were later followed by ultrasound. Eight cases were monitored by ultrasound from 
table 2. Recording technique group 1 (n = 55)
 n  
    
first stage uS
(n = 54)
Second stage uS
(n = 48)
47 + +
7 + -
1 - +
US: external ultrasound.
table 3. Recording technique group 2 (n = 78)
n first stage Second stage
Di (n = 76) Di (n = 72) uS (n = 5)
65 + + -
6 + - -
5 + + +
2 - + -
US: external ultrasound; DI: direct mode.
table 4. Recording technique group 3 (n = 160)
n first stage Second stage
uS (n = 160) Di (n = 151) Di (n = 139) uS (n = 37)
106 + + + -
24 + + + +
13 + + - -
8 + + - +
5 + - + +
4 + - + -
US: external ultrasound; DI: direct mode.
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the beginning of the second stage (figure 2). The remaining 13 cases (160 - 139 + 8) were 
monitored during the first stage only. 
Statistical analysis were performed with the Mann-Whitney U test and the Wilcoxon 
signed ranks test. Results are presented as medians and interquartile ranges. P < .05 for a 
2-tailed test was considered statistically significant.
RESULTS
Comparison of group 2 (direct scalp electrode) with group 1 (ultrasound method) 
demonstrates significantly less fetal signal loss during the first stage of labour with application 
of the scalp electrode (median 0.8% versus 5.2%, p < 0.01) (figure 4, table 5). Similar results 
are observed in group 3, in which both methods for monitoring have been used. In this 
group the median for fetal signal loss with the scalp electrode is 1.0% versus 7.2% with the 
ultrasound method (p < 0.01).
The same holds true for the quality of CTG’s during the second stage of labour (figure 4, 
table 6). Fetal signal loss in group 2 (direct scalp electrode) is significantly less than in group 
1 (ultrasound method, median 3.0% versus 9.5%, p < 0.01), while in group 3 the difference 
between both methods is even more remarkable (median 4.0% versus 19.0%). Five fetuses 
in group 2 were monitored by ultrasound in the second stage for a short period (median 
duration 7.0 minutes), with a median fetal signal loss of 32.0%. 
In all groups the medians for signal loss were higher in the second stage than in the first 
stage (figure 4, table 5 and 6). 
table 5. Fetal signal loss during the first stage of labour 
   group 1 group 2 group 3
uS (n = 54) Di (n = 76) uS (n = 160) Di (n = 151)
Duration recording (min)
Median 102 247 54 139
Interquartile range 157 246 75 260
Fetal signal loss (%)
Median 5.2 0.8 7.2 1.0
Interquartile range 9.3 0.8 14.5 3.0
Not fulfilling FIGO9 criteria (>20%)
Cases 9 0 35 4
Percentage 17 0 22 2.6
US: external ultrasound; DI: direct mode.
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table 6. Fetal signal loss during the second stage of labour 
 group 1 group 2 group 3
uS (n = 48) Di (n = 72) uS (n = 37) Di (n = 139)
Duration recording (min)
Median 24 41 9 26
Interquartile range 46 40 14 44
Fetal signal loss (%)
Median 9.5 3.0 19.0 4.0
Interquartile range 21.3 7.8 28.5 10.0
Not fulfilling FIGO9 criteria (>20%)
Cases 17 6 18 15
Percentage 35 8 48 11
US: external ultrasound; DI: direct mode.
figure 4. Box-and-whisker plots of fetal signal loss of the 3 study groups during the first and second 
stage for external and direct mode. The boxes indicate the 25th and the 75th percentiles, and the 
line across the boxes indicates the median. The ends of the whiskers represent the 10th and 90th 
percentiles. * = p < 0.05.
31
Q
uality of intrapartum
 cardioto
co
graphy
c
 h
 a
 P t e r
   1
proefschrif.indb   31 4-3-2008   13:42:49
COMMENT
The current study has compared the two ways of FHR monitoring with the purpose to 
assess the quality of EFM. Our results demonstrate that fetal signal loss is significantly higher 
with the use of the ultrasound mode, particularly in the second stage of labour.
Signal acquisition and processing by a FHR monitor varies according to the method used 
to record the FHR signal: external ultrasound or direct via the fetal electrocardiogram. 
Ultrasound FHR monitors are based on the Doppler shift that occurs after insonation of a 
moving object. The transducer sends ultrasound signals from the maternal abdominal wall, 
which are reflected when they encounter a moving interface. There will be a frequency 
change (Doppler shift) in the reflected signal, which is converted into an electronic signal. 
Next autocorrelation takes place; the monitor compares the incoming signals with a stored 
version of the previous ones. The intervals between peaks of this autocorrelation function 
actually reflect the rate of the regular component of the signal and these are used to derive 
the record.11,12
The ECG signal with direct registration is obtained from the fetus using a scalp electrode. 
Once the FECG signal has been obtained, the interval between R wave peaks can be 
measured.11,12
Few other studies have addressed this subject. They link signal loss with movements of the 
mother or the baby. Dawes et al. reported on signal loss with ultrasound during gestation. 
The average failure time between 30 and 40 weeks was 40%. Maternal movements were 
sometimes associated with signal loss in ultrasound recordings but not substantially. They 
considered the possibility that rotation of the fetal body, not perceived by the mother, causes 
signal loss.8 Another study, by Spencer et al. found that in recordings (external or direct) with 
more than 2% signal loss during the first stage, the mother moved or had been moved. The 
average loss in this selected group was 15.6% with ultrasound and 2.3% with direct ECG.7 
Fetal signal loss in our study is much lower than signal loss in the previous study by Spencer. 
Difference can be explained by selection bias. While Spencer distinguished between cases 
with more than 2% signal loss and cases with less than 2% signal loss, the current study 
made no distinction. Another reason for better results in our study can be attributed to the 
improvement in signal acquisition and processing of fetal monitors over the years.
Loss of signals may also occur with large variable decelerations in labour if the FHR changes 
quickly. Frequent extrasystoles and other forms of cardiac arrhythmias will disturb the signal 
as well; the irregularity in the RR intervals leads to increased detection of “artefacts”.13 The 
observation of marked signal loss often will be reason to switch to the direct mode. Signal 
loss using a scalp electrode, can also occur as a result of loss of contact, e.g. with vaginal 
examinations and maternal pushing.11
Solum studied the influence of obesity and placental location on three methods for external 
fetal cardiography; phonocardiography, abdominal electrocardiography and ultrasound. He 
found that placental localisation and obesity had no influence on the quality of ultrasound 
recordings.14
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Recording of the maternal heart rate can occur with both recording techniques. In case 
of external ultrasound the transducer detects the maternal heart rate if the transducer is 
inadequately directed at the fetal heart. The signals detected are then from the blood flow 
in a maternal vessel. In doubt if the detected signals originate from the fetus or the mother, 
real-time ultrasonography is recommended.11,12
In the rare event that the fetus is dead, and there is no fetal electrocardiographic signal, the 
amplifier in the CTG monitor will increase the gain until a recognisable R wave is identified; 
in this case the R wave in the maternal ECG complex.11,12 
Many obstetricians believe that due to the improved ultrasound Doppler technology, 
the quality of the produced external traces is comparable with those generated by direct 
registration. Also Dawes et al., stated that ultrasound is an adequate method for recording 
the FHR.8 Rupture of the membranes to apply a scalp electrode by many is considered not 
necessary in order to generate a good quality trace.8,11,15,16
On the basis of our results we disagree; traces acquired with direct registration are of 
significantly better quality than those acquired with external ultrasound.A point of criticism 
could be that in our study the quality of external traces was influenced by incorrect application 
of the ultrasound transducer. Despite unfavourable circumstances throughout the process of 
labour and delivery, we found less fetal signal loss than others.
Nevertheless, the percentage of our recordings that exceeds the acceptable limit of 20% 
reported by the FIGO guidelines in the first stage for ultrasound varies from 17% till 22%. In 
the second stage this is even more: between 35% to 48%. While the direct mode has better 
results, there are still four cases (2.6%) in group 3 during the first stage in which this 20% 
limit is outnumbered. During the second stage the percentage not fulfilling the FIGO criteria 
for the direct mode varies from 8% till 11% (table 5 and 6).
Since complications with the scalp electrode are negligible, if properly used, the direct 
mode can be considered as the best method for monitoring during labour and delivery, 
provided that the membranes are ruptured and no contraindications exist.17 If one decides 
to monitor the fetal condition with cardiotocography, one should do it closely and apply 
the most feasible and best method available. In addition, the direct mode can provide 
supplementary information about the condition of the fetus from the analysis of the T/QRS 
ratio and the ST segment within the FECG complex.2
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ABSTRACT 
objective: Intrapartum fetal heart rate recordings in twins were compared for fetal signal 
loss during both stages of labour to assess the quality of these recordings by the method 
that had been used: external ultrasound or directly via a scalp electrode. 
Study design: Analysis of recordings collected between January 1, 1994, and January 1, 
2002, from consecutive twin deliveries at the Vrije Universiteit Medical Center in Amsterdam. 
One hundred seventy-two twins that delivered via the vaginal route were included in the 
study. FHR recordings had a duration of at least one hour prior to the birth of the second 
twin. Subdivision took place on the basis of the recording technique; ie, ultrasound or scalp 
electrode. FHR data was obtained using HP-M1350 cardiotocographs. The status (pen on, 
pen off, maternal signal) and the mode of the signals were acquired. The duration of pen lifts 
and maternal signals was divided by the total duration of the recording. Statistical analysis 
were performed with the Mann-Whitney U test and the Wilcoxon signed ranks test. 
results: Recordings obtained via ultrasound demonstrated significantly more fetal signal 
loss than those obtained via the direct mode, particularly in the second stage. Approximately 
26-33% of first stage and 41-63% of second stage ultrasound intrapartum FHR recordings 
in twins exceeded the International Federation of Gynecology and Obstetrics (FIGO) criteria 
for fetal signal loss. 
conclusion: Intrapartum FHR monitoring via ultrasound provides far poorer quality FHR 
signals than the direct mode. The direct mode deserves a more prominent position in fetal 
surveillance than it currently has. 
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INTRODUCTION
The number of multiple pregnancies has increased gradually over the last decades, 
especially in the western world.1 Currently, the incidence of twin pregnancies in the 
Netherlands is approximately 1:50 against 1:100 in the eighties.2  The high incidence is almost 
fully attributed to the widespread use of assisted reproduction techniques now a days and 
pregnancies at increased maternal age.1,2
Since mortality and neonatal morbidity are high in twins during pregnancy and the perinatal 
period, adequate intrapartum monitoring of the condition of both twins is important.1 Many 
studies have shown that the second twin continues to be at considerable disadvantage; ie, 
lower 1 and 5-minute Apgar scores, increased perinatal death rates, lower levels of umbilical 
PO2  and higher levels of PCO2.
3-5 It is suggested that the poorer outcome for the second 
twin can be improved by early diagnosis and adequate intrapartum surveillance.3  
Intrapartum surveillance can be achieved with the use of cardiotocography (CTG). 
Although intrapartum death has become a rare event,6 and neonatal morbidity manifested 
by seizures has been reduced,7 the validity of electronic fetal heart rate monitoring (EFM) is 
still questioned.6-10 Difficulties in interpreting intrapartum cardiotocography patterns by the 
obstetrician is assumed to be the main cause,8,9 not the equipment’s ability to measure.11 
This would implicate that the quality of fetal heart rate monitoring is always sufficiently 
adequate. Earlier experiences with EFM in singletons during pregnancy and labour suggest 
otherwise.12,13 Signal loss in these studies, is approximately 40% with the ultrasound mode 
during gestation13 and 16% for the direct mode in a selection of recordings obtained in the 
first stage of labour.12  Signal loss for singleton deliveries in a recent study from our group 
ranged between 5-7% for the ultrasound mode in the first stage and 10-19% in the second 
stage.14  The purpose of the current study was to determine the quality of FHR recordings 
during the first and second stage of labour for both twins.
METHODS
The recordings were from consecutive deliveries at the Vrije Universiteit Medical Center 
in Amsterdam between January 1, 1994, and January 1, 2002. Cases with at least one hour 
of FHR recording prior to birth of the second twin were selected for further analysis. In this 
period, 443 twin deliveries took place, of which 268 were via the vaginal route. The study 
profile is presented in figure 1. Ninety-six cases were excluded because only the second twin 
was monitored, the delivery took place at a very early gestational age or the recording ended 
more than ten minutes before the delivery of the second twin. In 4 cases the computer 
program could not analyze the cardiotocogram because its duration was longer than 15 
hours. The final database consisted of 172 cases. Patients’ demographics are presented in 
tables 1 and 2.   
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FHR data was obtained using HP-M1350 twin cardiotocographs. These cardiotocographs 
sample the fetal heart rate at a frequency of 4Hz and uterine pressure at 2Hz. The status 
(pen on, pen off) and the mode of the signals (ultrasound/direct fetal electrocardiogram, 
external/internal pressure) are acquired. The raw signals are stored on a network server with 
the MOSOS centralized monitoring system (BMA Company, the Netherlands).
In order to analyze the signals a special program was developed (appendix 1). This program 
detects signal loss of both FHR traces for the complete FHR recording during the first and the 
second stage of labour in relation to the method used, direct or external monitoring. In case 
of external monitoring the computer program analysis traces from channel 1 and channel 2, 
which does not subsequently mean that these channels correlate with the first and second 
twin, respectively. 
Starting point of the recording in the first stage was defined as the beginning of the 
appearance of FHR traces on the cardiotocogram and lasted until the second stage. The 
start time of the second stage was looked up in the patient’s chart and compared with the 
patterns of uterine activity obtained by internal uterine pressure monitoring when available. 
Analysis of the FHR trace finalized when the recording ended.
During some of the recordings it appeared that not the fetus but the mother was 
monitored. This occurred only when ultrasound had been used. The monitored heart rate 
was assumed to be the mothers if it suddenly dropped below 100 beats per minute or more 
Twin deliveries  
Jan 1994–Jan 2002 
n = 443 
 
Caesarean section 
n = 175 
 
 
Vaginal deliveries  
n = 268  
 
 
Total database 
n = 172 
 
 
Not fulfilling CTG 
criteria (see text) 
n = 96 
figure 1. Study profile. CTG: Cardiotocography.  
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than 20 beats per minute from the baseline for more than 30 seconds. The heart rate tracing 
also had to return acutely to the baseline. These criteria concern the first stage of labour. It 
is almost impossible to distinguish between the mother’s heart rate and decelerations in the 
FHR during the second stage of labour. Finally, fetal signal loss is defined as the duration of 
pen lifts (pen off) plus maternal signals divided by the total duration of the recording.
The FHR was acquired via the external ultrasound mode or via the direct scalp electrode. 
The department’s policy is to start with external ultrasound, certainly as long as the 
membranes are intact and an adequate FHR trace can be obtained. Transition to internal 
FHR monitoring generally occurs when the membranes are ruptured, when labour is induced 
with intravenous oxytocin and in case of an expected prolonged duration of the second 
stage of labour, in particular in nulliparous women.
The FHR was obtained via the external ultrasound mode (twin 1 and/or 2) or via a direct 
scalp electrode (twin 1 first and/or second stage). During the first stage 170 twins were 
monitored (figure 2). Two twin pairs were only recorded during the second stage. Subdivision 
of these 170 twins took place on the basis of the recording technique that had been used 
for the first twin; either external (n = 30) or direct (n = 66) registration. The remaining 74 
were twins in which the first one started with external registration later on followed by 
direct registration. To determine fetal signal loss for each recording method, total ultrasound 
recordings are combined with partly ultrasound recordings: 30 + 74 = 104. The same has 
been done for the direct mode (66 + 74 = 140).
In the second stage, 172 twins were monitored (figure 3). Of these twins, 22 first twins 
had the external mode and 139 the direct mode. The remaining 11 were twins in which the 
first one started with external registration later on followed by direct registration. Again 
fetal signal loss for each recording method was determined by combining totally with partly 
Total recordings 
1st stage 
n = 170 
 
US 1/ US 2* 
Followed by 
DI 1/ US 2** 
n = 74 
Duration: 170 minutes 
 
US 1/ US 2* 
n = 30 
Duration: 69 minutes 
 
DI 1/ US 2** 
n = 66 
Duration: 190 minutes 
 
figure 2. Recordings during the first stage of labour.
US 1: ultrasound twin 1; US 2: ultrasound twin 2; DI 1: direct registration twin 1. 
* US 1/ US 2 in total 30 + 74 = 104. 
** DI 1/ US 2 in total 74 + 66 = 140.
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ultrasound recordings: 22 + 11 = 33. The same has been done for the direct mode (139 + 11 
= 150). The total duration of each recording is presented in figure 2 and 3.
Statistical analysis were performed with the Mann-Whitney U test and the Wilcoxon 
signed ranks test. Results are presented as medians and interquartile ranges. P < .05 for a 
2-tailed test was considered statistically significant.
RESULTS
Fetal signal loss during the first stage of labour is significantly higher in recordings 
obtained by the ultrasound mode than in those obtained by a scalp electrode (median 9.3% 
versus 0.4%, p < .01) (table 3). Comparison of recording techniques in first twins that were 
monitored by both methods during the first stage, again shows significantly more fetal 
signal loss for the ultrasound mode (median 0.5% versus 13%, p < .01). Observations on 
the ultrasound mode only, demonstrate a similar fetal signal loss for recordings obtained by 
channel 1 in comparison with channel 2 (median 13% versus 11%, p < .13).
In the second stage of labour the medians for fetal signal loss are 16.0% for the ultrasound 
mode against 9.0% for the direct mode (p < .01) (table 3). No significant difference was 
observed between both channels with the use of the ultrasound mode.  
The International Federation of Gynecology and Obstetrics (FIGO) criteria23 for fetal 
signal loss are exceeded during the first and second stage of labour for both recording 
techniques (table 3). The percentage recordings that exceeds the 20% limit for acceptable 
signal loss varies between 26% and 35% for the ultrasound mode in the first stage of labour. 
Total recordings 
2nd stage 
n = 172 
 
US 1/ US 2* 
Followed by 
DI 1/ US 2** 
n = 11 
Duration: 11/ 9 
minutes 
 
US 1/ US 2* 
n = 22 
Duration: 23/ 28 
minutes 
 
DI 1/ US 2** 
n = 139 
Duration: 33/ 54 
minutes 
 
figure 3. Recordings during the second stage of labour. 
US 1:ultrasound twin 1; US 2: ultrasound twin 2; DI 1: direct registration twin 1. 
* US 1/ US 2 in total 22 + 11 = 33.
** DI 1/ US 2 in total 11 + 139 = 150.
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In recordings obtained by the direct mode, this percentage is 2% in the first stage of labour 
and 17% in the second stage of labour. Approximately half of the recordings obtained by the 
ultrasound mode outnumber this limit. Percentages range from 41% till 63%. In all groups 
the medians for fetal signal loss are significantly higher in the second stage than in the first 
stage of labour (table 3).
The median for maternal registration in the ultrasound recordings during the first stage 
is 5%. In recordings with also maternal signals, fetal signal loss is significantly higher than 
in ultrasound recordings without maternal signals (medians 22% versus 8%, p < .01). The 
table 3. Percentages of fetal signal loss (medians ± interquartile ranges) and number of recordings 
exceeding FIGO criteria (percentage) during the first and second stage of labour 
first stage Second stage p-value*
Recording technique US 1 US 2 US 1 US 2 < 0.05
Number 104 104 33 33
Fetal signal loss 13 (27) 11 (25) 23 (21) 21 (23)
Exceeding FIGO23 criteria 36 (35%) 36 (35%) 18 (55%) 21 (63%)
Recording technique DI 1 US 2 DI 1 US 2 < 0.01
Number 140 140 150 150
Fetal signal loss 0.4 (2) 9 (17) 9 (12) 16 (16)
Exceeding FIGO23 criteria 3 (2%) 36 (26%) 25 (17%) 62 (41%)
US 1: ultrasound twin 1; US 2: ultrasound twin 2; DI 1: direct registration twin 1.
* Wilcoxon signed ranks test used to compare fetal signal loss in the first stage with fetal signal loss 
in the second stage for all groups.
table 2. Patients demographics (means ± SD and numbers for presentation) 
first twin Second twin
Birth weight (g) 2380 ± 700 2300 ± 811.5
Apgar score 1 minute 9 ± 1 8 ± 2
Apgar score 5 minutes 10 ± 1 9 ± 1
pH umbilical artery 7.25 ± 0.07 7.21 ± 0.09
Presentation:
Cephalic 168 130
Breech 4 42
table 1. Patients demographics (means ± SD)
Maternal age (y) 2 ± 5.3
Gravidity 2 ± 1
Parity 0 ± 1
Gestational age (d) 254 ±27
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percentage recordings that exceed the FIGO criteria in this group are 54% versus 18%, 
respectively. 
COMMENT
Signal loss is much higher with the use of the ultrasound mode than with the direct 
mode, particularly in the second stage of labour. The resulting conclusion is that the second 
twin is less well monitored than its birth mate.
The quality of EFM has been examined in few other studies. In these studies, signal loss is 
linked by movements of the fetus and the mother or loss of contact of the scalp electrode, 
e.g. during vaginal examinations and maternal pushing.12,13,15 Other reasons for signal loss 
are changes in the FHR like large variable decelerations, extrasystoles and other forms of 
cardiac arrhythmias.16 We have recently reported on the subject of fetal signal loss with 
EFM in singletons and found less fetal signal loss in singletons than in twin deliveries for the 
ultrasound mode during the second stage of labour.14
In twins, specific factors contribute to signal loss. The position of twins in utero is often 
abnormal and polyhydramnios is frequent. Added signal loss in twins can also be explained 
by twin-twin interactions in fetal behaviour states.17 The second twin in our study has more 
frequently an abnormal lie than the first twin. Approximately, one quarter of the second 
twins had a breech presentation, whereas only 2.3% of first twins were born in this position 
(table 2). If the same recording technique was used for either twin, ie, the ultrasound mode, 
there is no clear difference in signal loss between the two twins. So, the less signal loss with 
the direct mode must totally be attributed to the recording technique itself.
The difficulty with fetal signal loss in FHR recordings lies in the interpretation of the traces 
displaced on the CTG. Many studies have established alterations in the FHR to be a sensitive 
indicator of fetal hypoxia. If signal loss occurs a baseline frequency can mostly be determined. 
However, alterations in the FHR are then difficult to define.18
Despite considerable attention over the years, there is still no consensus on the best means 
of managing twin deliveries.19 Studies addressing this subject stress the need for intrapartum 
EFM.19-21 When EFM is adequate there is no urgency to deliver the second twin if the CTG 
shows no abnormality.20 Similarly, Rayburn and colleagues22 affirm that the interval between 
the two births has no significant effect on perinatal morbidity, as long as the second twin is 
correctly monitored.
There is no consensus on how correct monitoring should be reached. International 
guidelines like the Royal College of Obstetricians and Gynaecologist (RCOG), FIGO and the 
American College of Obstetricians and Gynecologist (ACOG) are not clear on which technique 
should be used.18,23,24 Whereas the ACOG does not give any guidelines, the FIGO guidelines 
do. They declare that use of a scalp electrode is only necessary if the record obtained by the 
ultrasound mode is unacceptable, and if there is a strong indication for monitoring.18
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These guidelines assume ultrasound monitoring to be an adequate method for 
EFM.18,23,24 A recently published Cochrane review on the use of fetal electrocardiography 
(FECG) for fetal monitoring during labour stated that in most labours, technically satisfactory 
cardiotocographic traces can be obtained by external ultrasound monitors.25 On the basis of 
our results we disagree. Recordings in our study frequently exceed the accepted limit of 20% 
signal loss reported by the FIGO guidelines,18 especially for the ultrasound mode both during 
the first and the second stage of labour.
Because complications with the scalp electrode are negligible, if properly used, the direct 
mode can be considered as the best method for monitoring during labour and delivery, 
provided that the membranes are ruptured and no contraindications exist.26 In addition, the 
direct mode can provide additional information about the condition of the fetus from the 
analysis of the T/QRS ratio and the ST-segment within the FECG complex.8 Unfortunately, 
the direct mode can not be used for the second twin during the first stage of labour. So we 
are forced to use a method with less potential for quality.
To improve the quality of the traces acquired with the ultrasound mode, the support 
of a dedicated nurse-midwife with vast experience in monitoring twins during labour can 
be considered. Continuous monitoring of the maternal heart rate, applying the oxygen 
saturation mode available in currently marketed monitors, will help to distinguish fetal from 
maternal signals.   43
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APPENDIX 
Algorithm for computing signal loss in FHR tracings in twins
1. Initialization phase
•	 Select	MOSOS	data	file
•	 Enter	start/end	time	for	FHR1	and	FHR2	(in	minutes)
•	 Compute	start/end	time	for	FHR1	and	FHR2	from	000:00	(in	minutes)
•	 Compute	duration	FHR1	and	FHR2	(in	minutes)
2. Detection phase (loop until end of file)
•	 Read	 subsequently	1	 second	data	 record	 from	MOSOS	 file	 (1 data record consist of 5 
FHR1, 5FHR2 and 2 TOCO samples in binary format)
•	 Decode	FHR1,	FHR2	and	TOCO	values	from	the	binary	data	record
•	 Detect	FHR	mode	(US,	AECG	or	DECG)	and	TOCO	mode	(external/internal)
•	 Count	number	of	samples	with	pen	off (using a hexadecimal mask performed on TOCO 
word)
3. Result phase
•	 Compute	signal	loss	for	FHR1	and	FHR2	as	percentage:
total number of pen off  x 100 (in samples)  / total number of samples 
FHR: fetal heart rate; US: external ultrasound; AECG: abdominal electrocardiogram; DECG: 
direct electrocardiogram. 
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ABSTRACT
objective: To summarize the currently available knowledge on; (1) the methods to 
monitor uterine activity (UA); (2) the units to quantify UA and (3) to assess the importance 
of abnormal contraction patterns on the condition of the fetus. The need for correct 
assessment and interpretation of the uterine contraction curve to improve fetal outcome will 
be emphasized. 
results: Correct assessment of the uterine contraction curve is an essential part of the 
cardiotocogram and should be obtained by the best method available; i.e. internal tocography 
(IT).  IT provides objective information on quantitation of UA and has the ability to obtain 
a good quality trace in an obese, restless patient. Accurate information on UA is essential 
because elevated UA during the first and second stage of labour can increase the risk of 
adverse fetal outcome. The relaxation time appears to be an important contraction parameter 
to maintain fetal well-being during labour. Almost all abnormal contraction patterns are 
characterised by shortening of the relaxation time and can lead to severe asphyxia. Duration, 
amplitude and frequency of contractions are of importance as well. The mean active pressure 
unit is the unit to quantify UA since it incorporates these three contraction parameters.  
conclusion: Proper application of UA monitoring by means of the internal method and 
adequate reading and interpretation of the uterine contraction curve is a prerequisite for 
high quality electronic fetal heart rate monitoring.  
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INTRODUCTION
Monitoring uterine activity (UA) permits to assess the relation between uterine contractions 
and the fetal heart rate (FHR) pattern. Uterine activity monitoring is essential in case of 
suspicious or abnormal fetal heart rate patterns. Appropriate attention to uterine activity 
patterns is a prerequisite for proper reading and interpretation of cardiotocograms. In spite 
of this awareness, routine monitoring of the uterine contraction curve is not common.1 The 
importance of UA monitoring is often ignored in the discussion on electronic fetal heart rate 
monitoring.
The aim of this review is to summarize the currently available knowledge on the methods to 
monitor UA, the units to quantify UA and to assess the importance of abnormal contraction 
patterns on the condition of the fetus. The ultimate aim is to emphasize the need for correct 
assessment and interpretation of the uterine contraction curve for fetal outcome. 
METHODS
The PubMed database (including Medline and the Cochrane Database) was searched 
for articles using (Mesh) terms like “Uterine Contraction”[Mesh], “Labor, Obstetric”[Mesh], 
“Ultrasonography, Doppler”[Mesh], “Observer Variation”[Mesh], “Observer Variation”[Mesh], 
“Cardiotocography”[Mesh], Uterine Contraction”[Mesh],  “Oximetry”[Mesh], “Fetus”[Mesh], 
intrapartum fetal heart rate monitoring, quantitation, external tocography, internal 
tocography, uterine electromyography, computer analysis and FIGO. More articles were 
selected by using the link “related articles”. Selected studies were evaluated on their contents 
and quality. Finally, if the contents were applicable and quality was adequate, they were 
included in the review. 
UTERINE ACTIVITY MONITORING
Uterine activity can be monitored by various methods. Each method has its own 
advantages and disadvantages and is more or less applicable in certain clinical situations. 
Maternal perception
the simplest method that provides information on uterine activity is reliance on the 
patient’s sensation. Maternal perception of uterine contractions occurs particularly if a 
contraction is associated with pain. An intra uterine pressure (IUP) of 15 mm Hg is the 
minimum pressure required for distension of the lower segment and the cervix. It is the 
distension that causes the pain and subsequently makes the mother aware of a contraction.2 
This threshold, however, varies from patient to patient. Previous studies have documented 
51
U
terine activity m
onitoring
c
 h
 a
 P t e r
   3
proefschrif.indb   51 4-3-2008   13:42:54
that women at risk for preterm delivery only perceive 11- 54% of contractions detected by an 
external tocodynamometer.3,4
Maternal perception of uterine contractions is influenced by parity and maternal weight. 
Multiparous patients with a body mass index < 20 kg/m2 sense twice as many contractions 
compared to obese (BMI > 30 kg/m2) nulliparous patients (16.3% versus 7.0%).  Nulliparous 
and obese women have the greatest difficulty in perceiving their contractions.5
Manual palpitation
Manual palpation has been the traditional method to monitor maternal uterine 
contractions. It is easy to assess, but time-consuming. Contractions of the pregnant uterus 
are perceptible by abdominal palpation only after their intensity exceeds 10 mm Hg. This 
perception threshold is influenced by the thickness and tonus of the abdominal wall and by 
the experience of the obstetrician, midwife and nurse.2 Since the first and the last part of 
a contraction are not perceived, the duration of the contraction estimated by palpation is 
shorter than the actual duration when measured by internal tocography (IT).1,2
Prediction of the contraction strength can not be accurate with manual palpation. A study 
by Arrabal and colleagues6 measured contractions by means of IT and blinded the observers. 
The observers were asked to palpate the contractions and classify them as mild (< 30 mm 
Hg), moderate (30-50 mm Hg) or strong (>50 mm Hg). Contractions with an intensity of > 
50 mm Hg were correctly observed in 68% of the time. For moderate contractions this was 
only 28%. Overall, observers were accurate in predicting the contraction strength 49% of 
the time. The accuracy in this study was not influenced by BMI, patient position in labour, 
parity, gestational age and physician experience.
In conclusion: the only parameter that can be correctly assessed by manual palpation is 
the contraction frequency.1
External tocography
External tocography (ET) is more convenient than manual palpation. It provides a 
continuous record and does not require constant attendance of labour staff. UA is detected 
by an externally applied tocodynamometer. The tocodynamometer is essentially a weight 
with a centrally placed pressure sensitive button. It detects myometrial contractility by a 
change in shape of the uterus. For adequate monitoring the tocodynamometer needs to be 
properly positioned and afterwards calibrated on the 15-20 mm Hg line.1,7,8
The advantage of ET is its non-invasiveness. The disadvantage is its inability to provide 
an accurate measurement of the IUP. It is not only influenced by intraamniotic pressure, but 
also by local uterine muscle tension and contractions in the abdominal wall musculature 
(e.g. maternal breathing movements, coughing and vomiting). The tightness of the belt, 
which attaches the tocodynamometer, and the thickness of the abdominal wall (e.g. obesity) 
influence the measured “intensity” as well.9
The quality of the uterine contraction curve in obese patients is poor. Another factor 
that influences the quality of the trace is maternal position. Best tracings are obtained in 
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supine position which is a less desirable position and limits the mobility of the patient.1,7,8 
If the mother changes her position this will cause large shifts in the apparent “baseline 
tone”.9 During the second stage of labour, the recording is interfered by maternal pushing 
efforts often leading to no longer an adequate uterine contraction trace. Since the fetus is 
particularly at risk in the second stage of labour one must achieve a real good quality trace 
and should consider internal UA monitoring in high risk patients.7
Commonly, patients, and with them physicians, believe that the tocodynamometer makes 
them more perceptive for contractions, or even initiate contractions by stimulating the 
myometrium. Lawson and colleagues10 studied the patients’ perceptivity for contractions 
one hour before placement and one hour during placement of the tocodynamometer. Of 
the 63 participants, 59% recorded no change in the number of perceived contractions after 
placement of the tocodynamometer. Only 24% recorded more contractions, however not 
significant.
ET, as a result from the applied technology, cannot provide an accurate measurement 
of the intensity and duration of uterine contractions. Already in the sixties Wood11 and 
Lacroix12, comparing ET with IT, demonstrated that with ET the true IUP is underestimated. 
More recent research shows similar results. Miles and co-workers13 examined the correlation 
of external and internal monitoring in 20 term, moderately obese patients. UA was evaluated 
simultaneously with IT and ET. Labour was managed using ET alone. Their results show a 
poor correlation between ET and IT for contraction amplitude (r = 0.26) and duration (r 
=0.27) but a good correlation for contraction frequency (r =0.75, p = 0.001). Miles stresses 
the need of adequate UA monitoring to avoid arrest of labour leading to unnecessary 
obstetrics interventions; i.e. caesarean section.
In conclusion, ET can accurately measure contraction frequency if circumstances are 
optimal: a non-obese, relaxed patient with adequate positioning of the transducer and a 
correct tightness of the belt. But ET cannot quantify uterine activity. Good quality external 
monitoring tracings can therefore be useful in normally progressing, spontaneous labours. 
ET can provide adequate information how contractions and the FHR pattern are related if 
the earlier mentioned conditions are fulfilled. However, in situations such as slow or induced 
labour, where in addition to contraction frequency, also information on baseline tone, 
duration and intensity of contractions is required by the clinician, IT is currently the only 
reliable method.9,11-13
Internal tocography
Internal tocography is the most accurate method to monitor contractions. Although IT 
is the “gold standard”, its use is not widespread. In 1997 only fifteen to twenty percent of 
the deliveries in the United States were monitored with an intra uterine pressure catheter 
(IUPC).14 Similar percentages have been reported for England en Wales. It is even more 
distressing that the majority of the delivery units, approximately 70%, do not even have such 
a facility.15
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IT potentially has many advantages over ET. It is unaffected by maternal position, more 
comfortable to the patient, allows for amnioinfusion and gives quantitated information on 
UA like baseline tone, contraction duration, contraction amplitude, contraction surface and 
relaxation time.1,7,8
IT is an invasive method and is therefore associated with certain risks. Since it requires 
ruptured membranes, the suggestion has been made that it increases the risk of intraamniotic 
infection. This suggestion has been investigated by Soper and co-workers.16 In a prospective 
study of 408 patients they studied the incidence and the potential risk factors for intraamniotic 
infection. Use of internal monitors was significantly associated with an increased risk for 
infection; 97.7% of the patients with an intraamniotic infection were internally monitored 
versus 69.6% in the group with no infection. Logistic regression analysis established this risk 
factor to be an independent one not caused by caesarean section, prolonged labour, vaginal 
examinations and duration of ruptured membranes (p= 0.016). The incidence of intraamniotic 
infection in this study (10.5%), however, was much higher than estimated on retrospective 
reviews (0.7- 1.3%). The authors think that the observed difference in incidence can be 
explained by several reasons. First, data generated by retrospective study may underestimate 
the true incidence. Second, the definition of intraamniotic infection in this study differed 
from those used in the retrospective studies. Third, the studied population differed and was 
predominately indigent and black.
Other complications have been described as well. Although infrequent, there have been 
reports of uterine perforation and fetal haemorrhage due to puncture of a fetal vessel or 
placental abruption as well. Uterine perforation can be prevented if the less flexible catheter 
guide is not inserted beyond the guiding fingers in the cervix. Insertion of the IUPC on the 
opposite side of the placenta prevents for placental abruption.17
The IUPC has two varieties, water column and electronic microtip. Both methods are found 
to detect IUP equally well.18,19 The only difference between the two systems is the peak 
contraction intensity, which is higher in the electronic sensor catheter system.18 Nowadays, 
more prototypes of the electronic microtip exist. All microtips monitor UA similarly.19 With 
exception to costs, the electronic microtip catheter is preferable over the water column fluid 
filled catheter. The fluid filled IUPC has many flushing errors and problems of calibration 
which require constant attention of the attending staff. Other technical problems are 
artefact detection due to air or kinked cables and catheter occlusion by meconium, blood or 
fetal parts. The electronic microtip catheter does not have these problems.8,18
While the uterine cavity is closed, the hydrostatic pressure should be equal at all points.8 
This assumption appears to be untrue. Chua and co-workers20 studied 20 patients who were 
randomly assigned to a group in which two IUPC were tied together before insertion in the 
same pocket of amniotic fluid (group 1). In a second group two catheters were inserted 
independently and the catheters were thus in random locations within the uterine cavity 
(group 2). The recordings showed large contraction by contraction differences between 
the two catheters, with maximum differences of up to 30 mm Hg in group 1 and up to 
40 mm Hg in group 2. Nevertheless, the active contraction pressure recorded during the 
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complete first stage of labour differed between two catheters only 4 mm Hg and 3.9 mm 
Hg respectively. The reason for the measured difference in separate contractions may be 
mechanical rather than from fluid pressure acting on the transducers. Similar results are 
shown by Arulkumaran and colleagues.21 Both research groups conclude that although there 
are variations in IUP measurements from contraction to contraction, overall there is little 
systemic difference in the total UA. Both Chua20 and Arulkumaran21 conclude that IT is an 
accurate and reliable method.
There is no doubt that IT gives us objective and accurate information on uterine activity, 
but does it result in better obstetric outcomes in comparison with ET? Literature on 
this subject is rare. One study of 250 patients in which labour was augmented showed 
no differences in neonatal outcome between patients monitored externally or internally. 
Neonatal outcome was expressed by Apgar scores. Umbilical artery blood gases and 
admissions to NICU, however, were not reported.22 Chia and co-workers23 three years later 
studied umbilical artery blood gases and admissions to NICU as primary outcome measures. 
Patients, 250 in total, were randomly assigned to a group in which labour was induced and 
tocography was performed by means of ET or to a group in which IT was performed. There 
were no significant differences between both groups in low umbilical cord arterial blood 
pH, low 5 minutes Apgar scores or NICU admissions. Instrumental vaginal deliveries and 
caesarean sections were not significantly different as well. However, there seems to be a 
trend in favour of IT. The number of instrumental vaginal deliveries (7.4% versus 4.2%) and 
caesarean sections (11.6% versus 8.5%) for fetal distress is higher in the ET group compared 
to the IT group. Although not significant, this did result in a higher rate for NICU admissions, 
namely 4.1% versus 0.8%. Reasons for not reaching significance might be that the power of 
the study was too low.
Both studies suggest that ET should be used more often since it is easier to use and 
less invasive. The quality of the obtained traces is not questioned and assumed to be 
sufficient.22,23 In contrast to Chia and co-workers, Chua et al.21 acknowledge that in obese 
and restless patients the quality of ET can be deplorable. In those cases IT is the best method 
to monitor UA.
Since the prevalence of overweight and obese individuals in the US in 2003 was 64.5% 
and 30.5% respectively, the use of external monitoring will not be of any significance in the 
future.5 
  
In conclusion: IT is an adequate and reliable method to monitor UA. It should be 
considered in deliveries where ET does not provide an adequate quality tracing and in case 
of an abnormal FHR trace. Other indications were IT should be considered are: augmented 
or induced labour that requires high doses of oxytocin.15 The use of IUP catheters in 
vaginal birth after caesarean section remains uncertain. Routinely use of IUP catheter is 
not recommended by the recently published RCOG green top guideline.21 Nevertheless, this 
recommendation is based on observational studies (level 3, grades of recommendation C) 
55
U
terine activity m
onitoring
c
 h
 a
 P t e r
   3
proefschrif.indb   55 4-3-2008   13:42:54
and should be considered with care. In certain circumstances like obesity the use of IUP 
catheters may be preferred by the clinician to limit the risk of uterine hyperstimulation. 
Uterine electromyography
Recently, uterine electromyography (EMG) has come into use again. It can predict labour 
within 24 hours at term and within 4 days preterm.25,26 Additional research by Maul et 
al.26 suggests that EMG measurements correlate with the strength of uterine contractions 
measured by an IUPC. Five contractions per patient were randomly selected and analyzed 
by both EMG and IT. They conclude that EMG can be useful in cases with intact membranes 
when objective evaluation of uterine contractions is required. However, conclusions were 
drawn on a limited number of cases (n=13) and for a single contraction. Although the 
obtained correlation coefficient between EMG and IUP is significant (r = 0.76; p = 0.002) it 
seems merely determined by one measurement.
QUANTITATION OF UTERINE ACTIVITY
Contraction parameters
To read and understand the tocogram the characteristics of UA patterns should be 
defined. Quantitation of UA usually occurs per unit of time, but the characteristics of each 
separate contraction are of importance as well.
Each contraction can be described in terms of duration, amplitude and skewness. 
Duration is the time between onset and offset of the contraction in seconds. The amplitude 
is expressed by the maximum IUP minus the resting tone in mm Hg.2,8,27
The skewness of a contraction can be characterized by means of a F: R ratio. In this 
ratio is the F (“fall”) defined as the time for a contraction to return to its baseline from 
its peak and the R (“rise”) the time for a contraction to rise to its peak. There are three 
types of contraction patterns with regard to the skewness of a contraction: (1) a F: R ratio 
smaller than 1, (2) a F: R ratio that equals 1 and (3) a F: R ratio greater than 1. Initially, 
contractions with a F: R ratio greater than 1 were believed to be associated with good 
progress in labour.28 A study by Althaus and colleagues29 proved otherwise. The F: R ratio 
of contractions in hundred women who underwent spontaneous vaginal delivery was 
compared with the F: R ratio in contractions of 100 women who underwent caesarean 
section for cephalopelvic disproportion. The women were monitored with either IT or ET 
for an hour during labour. Their results show an increased averaged F: R ratio in the group 
delivered by caesarean section compared to the group delivered vaginally, 1.77 versus 1.55 
respectively (p= 0.00003). Further research needs to be done to explore the meaning of 
other contraction shapes.
Other characteristics of UA are baseline tone, frequency and relaxation time. The baseline 
tone is the lowest pressure in the uterus in between contractions. It consists of atmospheric 
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pressure, hydrostatic pressure and the elastic recoil of the uterus and surrounding tissues.9 
The number of contractions in a 10-minute period is considered the frequency. The relaxation 
time is the time interval between the end of a contraction and the onset of the consecutive 
contraction.30
UA during labour varies. It depends on parity, with nulliparae having significantly higher 
levels of UA than multiparae; and UA increases during labour.31 If labour progresses normally, 
UA at the end of the first stage of labour will be characterised by: an amplitude of more than 
50 mm Hg, duration of approximately 60 seconds and a rapid increase of IUP. The frequency 
should be 3-5 contractions in a 10 minute period and a baseline tone less than 20 mm Hg.2 
Although this definition of adequate uterine activity is commonly used in literature and in 
international guidelines, it is not substantiated by proper research. A critical attitude against 
this definition is therefore justified.
The optimum duration of the relaxation time is unknown. Recent research has 
demonstrated that a relaxation time of 51 seconds or less in the first stage of labour and 
36 seconds or less in the second stage of labour is significantly associated with an umbilical 
artery pH ≤ 7.11 (p < 0.001).32 The ideal contraction interval in which fetal cerebral oxygen 
saturation remains stable or even increases is 2.3 minutes or longer. Than the supply of well 
oxygenated maternal blood to the intervillous space will be restored and will have returned 
to baseline levels before the following contraction occurs.33
Uterine activity units     
The total amount of UA per unit of time has been quantitated and described by many 
authors over the last decades (table 1, figure 1).
Caldeyro-Barcia34 introduced the concept of the Montevideo Unit in 1957. It is the 
product of frequency and peak pressure over a 10-minute period. A Montevideo unit (MU) 
of around 200 in active labour is considered adequate. He selected 10 minutes somewhat 
arbitrarily in an attempt to average the effect of large fluctuations and to avoid values of 
zero. Montevideo units are used worldwide but ignore any contribution of the duration of 
contractions and are insensitive to the shape of the contraction.
An attempt to improve upon the Montevideo unit was done by El Sahwi.35 He introduced 
the Alexandria unit (AU) which incorporates also the mean duration of a contraction. The 
average AU in their study population in the first stage of labour was 225.3 AU and in the 
second stage 271.3 AU. This corresponds to MU of 130.4 and 166.4 respectively. Of the 104 
cases studied, 30 primigravidas were selected for further analysis. The contraction frequency 
and amplitude were similar in all patients. They differed in the duration of the contraction. 
The group which had a long contraction duration (1.8 minutes) had a much shorter duration 
of labour, namely 8 hours and 6 minutes, than the group with short contractions (0.8 
minutes); i.e. 14 hours and 13 minutes. Although the AU appears promising, it does not 
incorporate the contraction shape.
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Hon and Paul36 introduced the uterine activity unit expressed by the total contraction 
area under the uterine pressure curve. The total contraction area takes into account the 
frequency, duration and intensity of the contractions but fails to differentiate between active 
pressure and baseline tone. Baseline tone is susceptible for calibration problems if the fluid 
filled IUPC is used. The total contraction area is therefore not widely adopted.
Steer37 differentiated between active pressure and baseline tone. He advocated the 
uterine activity integral (UAI) which is defined as the intra uterine pressure (area under 
the curve) minus the baseline pressure. One should be aware that the UAI measures active 
pressure including “bearing down” efforts in the second stage of labour and not only the 
activity on the part of the uterus. In contrast to the earlier mentioned contraction units, the 
UAI is computed over a 15-minute instead of a 10-minute epoch. This was to coordinate the 
measurement with the commonly used 15-minute incremental time for oxytocin infusions.
monteViDeo unitS  
Mean amplitude x mean frequency/ 10 minutes 
 
aleXanDria unitS
Montevideo unit x mean duration/ 10 minutes
uterine actiVity integral
Active area under the pressure curve
uterine actiVity unit
Area under the pressure curve
aVerage rate of riSe
Intensity/ Tr
figure 1. Methods to quantify uterine activity. (Modified from: Miller FC, Yeh SY, Schifrin BS et al.: 
Quantitation of uterine activity in 100 primiparous patients. Am J Obstet Gynecol 1976; 124: 398).55
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The latest suggestion on quantitation of UA has been done by Philips and Calder38 in 
1987. They advocated the mean active pressure (MAP) which reflects the mean value of 
active pressure per second. The MAP can be calculated if the UAI is divided by the number 
of seconds in the integration period, namely 900 seconds. The MAP has the advantage of 
being totally independent of the duration of the integration period. Choosing short periods 
will show up random fluctuations, while choosing longer periods may mask short-term 
changes. If the integration period concerns the duration of one contraction this is called the 
mean contraction active pressure (MCAP).
There are several restrictions to the use of uterine contraction units for describing 
UA: (1) all uterine contraction units are insensitive to the shape of a contraction and (2) 
contraction units can hide the problem of tachysystole. In case of tachysystole and low 
amplitude contractions the UAI can remain at a normal level. Therefore, it is safer if additional 
information on uterine contraction parameters such as frequency and relaxation is acquired 
as well, particularly in cases were oxytocin is administered.39 In those cases the administered 
oxytocin infusion can be temporarily interrupted until frequency is normal again. 
Considering those restrictions, it appears that the MAP is the best unit to quantify UA. 
But does quantification of UA in induced or augmented labour provide a higher rate of 
spontaneous deliveries and, even more important, better obstetric outcome?  Two randomized 
controlled trials have been performed regarding this subject. Both studies compared oxytocin 
titration to achieve preset UAI with that to achieve a contraction frequency of 6-7 every 
15 minutes. The results of those studies demonstrate that in both groups the number of 
spontaneous deliveries and fetal outcome is the same.40,41 Similar results are reported for 
table 1. Quantitation units for uterine activity 
unit Variable time period 
Montevideo unit (MU) Mean amplitude x mean frequency 10 minutes
(Caldeyro- Barcia et al, 1957)
Alexandria unit (AU) Montevideo unit x mean duration 10 minutes
(El-Sahwi et al, 1967)
Uterine activity unit (UAU) Area under the pressure curve 1 minute
(Hon and Paul, 1973) (Torr-min)
Uterine activity integral (UAI) Active area under the pressure curve 15 minutes
(Steer, 1984) (1kPa sec)
Mean active pressure (MAP) UAI/ 900 1 second
(Phillips and Calder, 1987) (kPa)
Mean contraction active pressure UAI/ total duration of contraction
(MCAP)
(Phillips and Calder, 1987)
Modified from Vanner T, Gardosi J. Intrapartum assessment of uterine activity. Baillieres Clin Obstet 
Gynaecol. 1996;10(2):243-57.39
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augmented labours.42 It appears that IT has limited usefulness in cases where low doses of 
oxytocin are required. If higher doses of oxytocin are required for longer periods IT might be 
useful. This hypothesis can only be tested in a separate study.  
ABNORMAL CONTRACTION PATTERNS
In 1973 Stookey and co-workers30 described the presence of abnormal contraction 
patterns in both stimulated and spontaneous labours (figure 2). Abnormalities of uterine 
contractions noted during the induction of labour include disorders of the shape of a 
contraction, contraction frequency and the uterine baseline tone. 
Contraction shape
Abnormalities of contraction shape are characterized by asymmetric or skewed 
contractions or polysystole.
The skewed contraction has a longer duration and therefore a shortened relaxation time. 
At a certain contraction frequency it can cause fetal distress since a shortened relaxation 
time may signify less time for the fetus to recover.32
Polysystole is a single contraction with more than one peak. The IUP between the two 
peaks does not reach the baseline pressure. Polysystole is probably caused by interference 
between the action potential of several pacemakers of the uterus. Each of the pacemakers 
initiates contractions in multiple zones in which the uterus is functionally divided. Each 
pacemaker has its own rhythm causing asynchronous contraction of the uterus. This can be 
visible on the tocogram as small contractions altering with large ones. Since this pattern can 
be accompanied by hypertonicity it can lead to fetal distress.30,43 
figure 2. Abnormal contraction patterns. (Stookey RA, Sokol RJ, Rosen MJ: Abnormal contraction 
patterns in patients monitored during labor. Obstet Gynecol 1973; 42: 359).30
Skewed contraction
Delay in relaxation represented by shaded area
Polysystole
Paired contractions
Tachysystole
Tachysystole
with uterine hypertonia
Tetanic contraction
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Contraction frequency
Abnormalities in contraction frequency include paired contractions and tachysystole. In 
case of paired contractions the relaxation time between successive contractions is less than 
60 seconds.30 They have an unfavourable effect on the condition of the fetus and are also 
inversely related to the progress in labour. The duration of labour complicated with paired 
contractions is increased significantly in all types of labour. Paired contractions are not a rare 
event. They can be seen in a frequency up to 8%. In augmented labour, incidences of 48% 
have been reported.44
If the number of contractions exceeds 5 in 10 minutes, this is defined as tachysystole. 
Just like paired contractions, the relaxation time is compromised which may lead to adverse 
fetal outcome when continued for a longer period of time.32 When uterine stimulants are 
applied, a frequency of more than 5 contractions in 10 minutes is called hyperstimulation.30 
During deliveries complicated by hyperstimulation, fetal oxygen saturation levels (SpO2) as 
low as 36%45 and 23%46 respectively have been described. During normal labour SpO2 
levels decrease to a minimum level of 42.9%.46-48 Oxygen saturation resolves to normal 
levels after oxytocin infusion has stopped and contraction frequency becomes normal; less 
than one every two minutes.45 The ideal contraction interval in which fetal cerebral oxygen 
saturation remains stable or even increases is 2.3 minutes or longer. Than the supply of well 
oxygenated maternal blood to the intervillous space will be restored and will have returned 
to baseline levels before the subsequent contraction occurs.33
Uterine baseline tone
A persistent increase in baseline tone over 20 mm Hg is named hypertonia. Hypertonia 
causes prolonged occlusion of the maternal spiral arteries and can lead to serious fetal 
asphyxia. Hypertonia can be due to: (1) hyperstimulation in case of induced or augmented 
labour, (2) as a result from excessive blood loss as with placental abruption, (3) from 
fresh meconium passage by the fetus into the amniotic space or (4) from an intraamniotic 
infection.2,9,27,30
The most obvious and alarming uterine contraction abnormality is the tetanic contraction 
which is actually a persisting contraction. No contraction pattern is recognisable.30 Tetanic 
contractions should give rise to suspicion of placental abruption.27,30  
RECOMMENDATIONS FROM INTERNATIONAL 
GUIDELINES 
It is distressing that most international guidelines lack information concerning UA.49-51 
Evidence-based clinical guidelines on electronic FHR monitoring provided by the Royal College 
of Obstetricians and Gynaecologists (RCOG)49 and the American College of Obstetricians 
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and Gynecologists (ACOG)50 don’t give any information on how to monitor UA. They only 
address the risk of tachysystole and hyperstimulation in case of uterine stimulants.
The International Federation of Gynaecology and Obstetrics (FIGO)51 gives some attention 
to the subject of UA. The FIGO guidelines address the limitations of ET such as qualitative 
instead of quantitative assessment of UA and poor quality traces in case of obesity. Although 
FIGO recommends IT if quantitation of UA is aimed for, e.g. for high risk labours or if labour 
is induced or augmented, FIGO pays more attention to the possible risk of intra uterine 
infection and the costs involved with IT. According to the FIGO guidelines there are only two 
reasons for monitoring UA: (1) early intervention in case of an impending arrest of labour 
and (2) to avoid hyperstimulation in case of uterine stimulants. In those cases a contraction 
frequency of 4 or less contractions per 10 minutes must be achieved in order to maintain an 
adequate time for placental perfusion and “to prevent fetal distress”. However, this cut-off 
value for the contraction frequency is not substantiated by any research. 
INTERPRATION OF THE UTERINE CONTRACTION CURVE
Interpretation of the FHR trace is mainly subjective. To overcome this problem international 
guidelines are developed to produce standardized and unambiguous definitions for FHR 
tracings. Despite these guidelines inter-observer variability is poor particularly in suspicious 
and pathologic tracings. A proportions of agreement as low as 0.42 and 0.25 respectively 
have been described.52,53 International guidelines give no or scanty information on UA.49-51  It 
is to be expected that inter-observer variability on UA is poor as well or might even be higher. 
Palamäki and colleagues52 examined the inter-observer variation in visual interpretation 
of intrapartum CTG readings. Thirty one obstetricians interpreted CTG tracings from 22 
parturients. They were asked to determine FHR features like baseline, reactivity and early, 
variable and late decelerations. The following UA features were determined; uterine tonus, 
power of contractions (normal/ abnormal) and hypertonus (yes/no). Only nine cases were 
monitored with IT. The agreement between observers concerning UA could therefore be 
only determined for those nine cases. In normal cases the proportions of agreement were 
acceptable or good for UA features like uterine tonus and hypertonus, Pa 0.76 and 0.63 
respectively. The power of contractions however showed a low proportion of agreement 
namely 0.24. Strangely enough, in abnormal CTG traces results were exactly the opposite. 
In those traces, the power of contractions showed a high Pa value (0.60) and uterine tonus 
and hypertonus demonstrate a low Pa value, 0.18 and 0.38 respectively. Findings concerning 
inter-observer variability on FHR features were similar to former studies. Low Pa values in 
abnormal traces and acceptable to good Pa values in normal traces. The authors do not give 
an explanation for this strange finding. The discussion concentrates on the FHR features 
only. It is suggested that inter-observer agreement can be improved by using modern 
computerized methods. But does this improve the inter-observer agreement for UA as well?
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Ayres-de-Campos and colleagues54 examined the use of SisPorto 2.0, a program 
for automated analysis of cardiotocograms that closely follows the FIGO guidelines. The 
analysis of 33 tracings (16 antepartum and 17 intrapartum) by SisPorto was compared with 
the analysis of three experts. The program’s identification of accelerations, decelerations, 
normal/reduced variability and uterine contractions was compared with that of the experts’ 
consensus interpretation. A fair to good agreement was obtained for all features of the 
FHR. The Pa value for uterine contractions was as high as 0.82. According to this study 
computerized analysis seems promising. However, it is not described how CTG traces 
were selected, whether ET or IT had been used and which period during labour had been 
monitored and analysed. It also remains unclear which features of UA were analysed. Was it 
just frequency or did the program determine duration, amplitude and shape of the contraction 
as well? These are important issues that have to be clarified in order to determine the role 
of computerised analysis of UA in the future. Until such a program is available, training and 
audit systems can help to achieve more consensus among clinicians in the interpretation of 
cardiotocograms.
CONCLUSION
This review emphasises the need for correct assessment of the uterine contraction curve, 
preferably with the best method available; i.e. internal tocography. Although IT is invasive 
and does not seem to improve obstetric outcome it has many advantages over ET. The main 
advantages are: (1) ability to obtain objective information on quantitation of UA and (2) ability 
to obtain a good quality trace in an obese, restless patient. Since additional information 
on UA is required in situations like slow or induced labour9,11-13 and obesity is a growing 
problem in western countries, it is to be expected that IT will be of more significance in the 
near future.5,9,11-13
Accurate information on UA is essential because elevated UA during the first and second 
stage of labour can increase the risk of adverse fetal outcome.32 The relaxation time appears 
to be an important contraction parameter to maintain fetal well-being during labour. 
Almost all described abnormal contraction patterns are characterised by a shortening of the 
relaxation time and may lead to severe asphyxia if they persist over a longer period of time.30 
Duration, amplitude and frequency of contractions are of importance as well. Quantitative 
units that incorporate these three contraction parameters should therefore be recommended. 
The mean active pressure unit, in contrast to the Montevideo unit, meets these criteria and 
is therefore the recommended unit to quantify UA.38 Unfortunately, tachysystole sometimes 
remains unidentified in cases of frequent low amplitude contractions. Therefore, it is safer if 
additional information on uterine contraction parameters such as frequency and relaxation 
is acquired as well.39
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Only limited research in the area of UA monitoring has been performed recently. Most 
of the presented literature in this review is more than 20 years old. Although, it is clear on 
how to monitor and quantify UA, guidelines like the RCOG, ACOG and the FIGO provide the 
clinician limited or even no advice in this regard.49-51 This is even more distressing since proper 
application of UA monitoring is a prerequisite for high quality electronic FHR monitoring and 
allows for adequate reading and interpretation of the uterine contraction curve. Uterine 
activity monitoring deserves a more prominent role in daily obstetric practice. 
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ABSTRACT
objective: to determine the quality of intrapartum uterine activity (UA) monitoring in daily 
practice during the first and second stage of labour. The total duration of inadequate UA 
monitoring is quantified in relation to the technique applied: external or internal.
Study design: Hundred and ninety-two UA recordings, collected from 1 April 2006 till 
1 October 2006 from consecutive deliveries at the Vrije Universiteit Medical Center in 
Amsterdam, were analysed. Included recordings were from singleton, spontaneous vaginal 
deliveries. The last two hours of the first stage and the complete second stage had to be 
monitored. Internal and external UA recordings were judged by their quality: adequate, 
meaning a recognisable and reliable UA pattern during the complete registration, or 
inadequate. Recordings labelled as inadequate were divided in two groups: absence of UA 
recording (non recognisable) or inadequate calibration (unreliable). Statistical analyses were 
performed with the Mann-Whitney U test and the Wilcoxon signed ranks test.  
results: The percentages adequate UA recordings in the first stage of labour are much 
higher for the internal than the external mode. Only 2% of the external recordings are of 
good quality against 40% of the internal recordings. In the second stages percentages 
of adequate UA recordings are nearly equal, approximately 30%. Inadequate external 
registrations are characterised by almost 30% of the time absent UA monitoring, while with 
inadequate internal registrations the primary problem is correct calibration. 
conclusion: Intrapartum UA monitoring via the direct mode provides a more recognisable 
UA trace. 
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INTRODUCTION
Intrapartum electronic fetal heart rate monitoring (EFM) assesses the fetus’ condition 
during labour and provides us with a graphic display of the fetal heart rate (FHR) pattern and 
the uterine contraction curve.1 Clinicians supervising term labour generally focus on the FHR 
pattern. International guidelines2-4 and reviews on EFM1,5,6 give little or no attention to the 
subject of uterine activity (UA) monitoring. Monitoring of the uterine contraction curve is 
however a prerequisite for proper reading and interpretation of the cardiotocogram (CTG), 
particularly in case of suspicious or abnormal FHR patterns.7,8
When abnormal FHR patterns occur in oxytocin induced labours, adequate monitoring 
of UA is even more important. Analysis of claims for alleged negligence has shown that 
inappropriate use of oxytocin and technical and equipment problems with the application of 
cardiotocography are recurring themes in litigation cases. Hyperstimulation tends to occur 
more frequently when monitoring of contractions is inadequate. It can allow excessive UA to 
continue unrecognized, thus delaying the appropriate response to decrease or discontinue 
oxytocin. The only effective strategy to prevent claims based on unrecognized oxytocin 
hyperstimulation is to be meticulous in detecting uterine contractions.8
The cardiotocograph can monitor UA using two methods: external tocodynamometry 
or intra uterine pressure (IUP) measurements. Both techniques do not always provide an 
adequate quality trace.9,10 An average signal loss up to 14.6 minutes has been described 
for the internal method.9 In external monitoring the quality is even worse; 36% of obese 
patients had an external tocogram of poor quality more than 25% of the time.10
Although studies that compare both methods have been performed, they primarily did 
compare external and internal monitoring for various parameters of uterine contractions 
such as duration, amplitude and frequency.11-14 To our knowledge studies directed to the 
application of UA monitoring in daily practice in which the signal quality of the obtained UA 
traces for the two methods have been compared, are not previously performed.
The aim of the current study is to determine the quality of intrapartum uterine contraction 
monitoring during the first and second stage of labour in daily obstetric practice. The 
total duration of inadequate uterine contraction monitoring is quantified in relation to the 
technique applied: external or internal.
METHODS
Recordings were from consecutive deliveries at the Vrije Universiteit Medical Center in 
Amsterdam 1 April 2006 till 1 October 2006. Cases with FHR recording of 2 hours during 
the first stage and the complete second stage were selected for further analysis. Included 
cases had to be term, singleton pregnancies with a spontaneous vaginal delivery. In this 
period 473 singleton vaginal deliveries took place. In 112 cases the recording was missing. 
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An additional 169 recordings were excluded because (1) the CTG recording during the first 
stage of labour was shorter than 2 hours, (2) the second stage of labour was not completely 
monitored or (3) labour was monitored using both methods, external and internal. The final 
database consisted of 192 cases; 41 cases monitored with the external method and 151 
cases with the internal method. The overrepresentation of internal monitored cases in the 
study population can be explained by the department’s policy. As long as the membranes 
are intact, uterine activity is obtained by the external method. Transition to internal uterine 
contraction monitoring generally occurs when the membranes are ruptured, mostly during 
the late phase of the first stage of labour. Other reasons for internal monitoring are induced 
or augmented labour with intravenous oxytocin and in case the external tocogram is of 
poor quality, in particular in restless, obese persons. Patients’ demographics are presented 
in table 1.
FHR and UA data were obtained using HP-M1350 cardiotocographs. These cardiotocographs 
sample the FHR at a frequency of 4 Hz and uterine pressure at 2 Hz. The status (pen on, 
pen off) and the mode of the signals (Ultrasound/ direct fetal electrocardiogram, external/
internal pressure) were acquired. FHR data were acquired using an external ultrashell 
transducer or a scalp electrode, UA using an external tocodynamometer or a fluid filled intra 
uterine pressure catheter (IUPC). The raw signals were stored on a network server with the 
MOSOS centralized monitoring system (BMA Company, The Netherlands).
The quality of the uterine contraction curve was determined for the last two hours of the 
first stage and the complete second stage of labour in relation to the method that had been 
used, external or internal monitoring. The start time of the second stage was ascertained 
by the patients’ chart. Analysis of the uterine contraction trace finalized with the delivery of 
the fetus.
Analysis was performed by two independent persons: M.Z and P.B. According to the 
method of monitoring the uterine contraction curve was judged on the quality and divided 
table 1. Patients’ demographics (means ± SD) 
uS (n = 41) Di (n = 151) p value
Maternal age (y) 34.6 ± 4.8 32.4 ± 5.1 0.02
Gravidity 3.5 ± 2.8 2.1 ± 1.5 0.01
Parity 1.2 ± 1.6 0.6 ± 1.0 0.01
Gestational age (days) 281 ± 8 279 ± 9 NS
Birth weight (g) 3559 ± 563 3537 ± 522 NS
pH umbilical artery 7.25 ± 0.07 7.23 ± 0.08 NS
Apgar score 1 minute 9 ± 1 9 ± 1 NS
Apgar score 5 minutes 10 ± 0 10 ± 1 NS
Duration 2nd stage of labour* 19 ± 46 34 ± 61 0.03
DI: direct registration; US: ultrasound; NS: no significance. 
* medians and interquartile range.
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in two groups. The first group consisted of adequate uterine activity recordings, meaning 
the tocogram demonstrated a recognisable and reliable pattern during the complete 
registration. The second group consisted of recordings with an inadequate quality UA 
registration. Quality in this group was defined by two characteristics. First, registrations 
with no recognisable UA pattern, labelled as absent UA registrations (figure 1). Absence of 
the UA pattern occurred if the tocodynamometer lost contact with the abdomen (external 
method) or if the IUPC was not well inserted in the uterus (internal method). Second, a 
registration with a recognisable but unreliable pattern since “calibration” was inadequate or 
not performed. These registrations were categorized as inadequately calibrated registrations 
(figure 2). In case of external monitoring inadequate “calibration” means that the tocogram 
is not reset on the 15- 20 mm Hg line. Duration of absent UA or inadequate calibration of the 
contraction pattern could occur during part or the full length of the registration.
Statistical analyses were performed with the Mann-Whitney U test, the Wilcoxon signed 
ranks test and the Students t-test. Results are presented as medians and interquartile ranges 
and as means and standard deviations. P < .05 for a two-tailed test is considered statistically 
significant.
figure 1. Cardiotocogram with absent uterine activity 
figure 2. Cardiotocogram with inadequate calibration
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RESULTS
Adequate registration (group I) of the uterine contraction curve during the last two hours 
of the first and the complete second stage of labour occurs in less than 40% of the external 
and internal recordings (table 2). For the external method during the first stage of labour, 
there is only one adequate registration (2%). The number of adequate registrations for the 
internal method is much higher, namely 60 (40%). In the second stage of labour the number 
of adequately obtained external registrations is higher and differs less from the internally 
obtained registrations. Fourteen registrations are adequate during the complete second 
stage (34%) against 43 internal registrations (29%).
Table 3 demonstrates the median duration of inadequate registration for group II for 
the two methods during both stages of labour. Total duration of inadequate registration in 
minutes does not significantly differ between the external and internal method in the first 
stage of labour (median 42 versus 34).
However, a subanalysis of group II for absent UA and inadequate calibration demonstrates 
a difference in adequate registration during the first stage of labour between both methods. 
Absent UA occurs only with the use of the external method, median duration 20 minutes 
versus 0 minutes for the internal tocogram ( p < .000). Inadequate registration in the internal 
monitored registrations is almost totally caused by inadequate calibration. The median 
duration of inadequate calibration registration is 27 minutes. Median duration of “calibration” 
errors for the external tocogram is 8 minutes (p < .000).
In the second stage of labour, there is no difference in quality between tocograms 
obtained with the external or the internal method (table 3).  De median percentage of poor 
quality for the external tocogram is 33 versus 30 for the internal tocogram. A subanalysis for 
group II again shows no difference between the two methods. 
table 2. Numbers of adequate and inadequate registrations for the complete study population 
(n = 192)
first stage Second stage
uS (n = 41) Di (n = 151) uS (n = 41) Di (n = 151)
Adequate registration
Numbers 1 60 14 43
Percentage 2% 40% 34% 29%
Inadequate registration
Number 40 91 27 108
Percentage 98% 60% 66% 71%
US: ultrasound; DI: direct registration.
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DISCUSSION
It has been suggested that the external method is the best method to monitor uterine 
contractions. External monitoring is non-invasive and although it has the limitation that it 
can not quantify uterine activity,15 it does not result in worse obstetric outcome or less 
spontaneous vaginal deliveries compared to internal monitoring.16,17 The quality of the 
obtained traces in these studies is, though, not questioned and assumed to be adequate. 
Our study results demonstrate otherwise. Overall, the quality of intrapartum UA monitoring 
throughout labour and delivery in the current population appears to have been disappointing 
(table 2). Only one external tocogram is of adequate quality throughout the complete two 
hour lasting first stage recording. Although the internal tocogram is of better quality, there is 
only a percentage as low as 40% adequate registrations during the first stage. In the second 
stage this percentage is around 30% for both methods.
The quality of the tocogram is directly linked to the limitations of the technique that has 
been used. With external monitoring, uterine contractions are obtained by a tocodynamometer 
placed on to the abdominal wall. Incorrect positioning of the tocodynamometer and insufficient 
tension on the strap holding the transducers are reasons for nonexistent or poor quality 
tracings. Other prerequisites for optimum tracings are a relaxed, non obese patient in supine 
position. If these criteria are not met this will evidently result in a poor quality trace.15
Internal UA monitoring has fewer limitations than external monitoring. The restrictions of 
the technique are related to the type of IUPC that is used to monitor uterine contractions, 
water column or electronic microtip. Both methods are found to detect IUP equally well.9,18 
Although more costly, electronic microtip catheters are more easy to use than fluid filled 
IUPC. Flushing errors evidently cannot occur with the electronic microtip catheter. Calibration 
table 3. Duration of inadequate registration (medians ± interquartile ranges) for group II 
first stage Second stage
uS 
(n = 40)
Di 
(n = 91)
p 
value*
uS 
(n = 27)
Di 
(n = 108)
p 
value**
Total duration (min) 42 ± 63 34 ± 57 NS 7 ± 11 11 ± 20 NS
Percentage of total 
duration (%)
35 ± 52 28 ± 48 NS 33 ± 80 30 ± 66 NS
Duration absent UA 
(min)
20 ± 52 0 ± 0 < .000 4 ± 9 4 ± 7 NS
Duration inadequate 
calibration (min)
8 ± 29 27 ± 57 < .000 2 ± 7 3 ± 18 NS
DI: direct registration; US: ultrasound; UA: uterine activity; NS: no significance.
 * Significance level between US and DI for the first stage of labour. 
** Significance level between US and DI for the second stage of labour. 
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problems and artefact detection are less common as well. The electronic microtip catheter is 
therefore preferable over the fluid filled IUPC.9,15
Devoe and colleagues9 compared the accuracy and the quality of the fluid filled catheter 
with that of the INTRAN electronic microtip catheter. Their results demonstrate a significantly 
higher number of fluid filled catheters with signal loss (i.e. number of unrecorded contractions) 
than the electronic microtip catheter (17 versus 6, p .007). The number of catheters requiring 
flushing or readjustment was significantly higher as well in the fluid filled catheter (21 versus 
6, p .0001).
In our study, the fluid filled IUPC has been used. In contrast to the study of Devoe and 
colleagues we do not find any IUP recordings with signal loss in the first stage of labour. 
Signal loss only occurred with external monitoring, while inadequate registration of the 
internal tocogram is completely caused by calibration errors. It is easier to reset the calibration 
button on the cardiotocograph with external monitoring than to calibrate the IUP curve with 
the internal mode. Inadequate registration caused by calibration errors is of less significance 
than inadequate registration caused by absent UA. With calibration errors interpretation 
of the uterine contraction curve is still possible, while persistent absence of the UA trace 
for a significant period of time will make it troublesome or even impossible to interpret the 
uterine contraction curve. In the second stage of labour the median duration for absent 
UA is still very limited: 4 minutes. Absent UA in this stage of labour is merely caused by 
the removal of the IUPC or the tocodynamometer just before the infant is born. Lack of 
experience with the fluid filled IUPC by Devoe and colleagues may explain the differences 
found between their and our study results. More research needs to be done to compare the 
external tocodynamometer with the internal electronic microtip catheter.
The quality of the external tocogram has been investigated as well. Research by Vanner 
and Gardosi10 demonstrates the deplorable quality of the external uterine contraction curve, 
mainly influenced by obesity. In 36% of patients weighing more than 90 kilograms the 
external uterine contraction curve was more than 25% of the time of poor quality versus 
16% in the group weighing less than 90 kilos. A most striking feature was the high number 
of labours (50%!!) requiring fetal scalp blood sampling for “fetal distress” which had a poor 
tocogram. This is probably due to the high number of instances of hyperstimulation where 
the tocogram of the CTG was uninterpretable. Hyperstimulation can lead to tachysystole 
which is a sign of excessive UA. Previous research by our study group demonstrated that 
excessive UA is associated with adverse fetal outcome. Increased UA leads more often to an 
umbilical artery pH ≤ 7.11.19 A high quality tocogram is therefore a necessary condition to 
monitor the fetus condition.8
Vanner and Gardosi10 emphasized the relation between maternal weight and the quality 
of the external tocogram; obesity leads to a poor quality tocogram. This is distressing 
for two reasons. First, obesity is a growing problem in western world. The prevalence of 
overweight and obese individuals increases and has reached percentages of 64.5% and 
30.5% respectively in the United States in 2003.20 Second, external tocography is still the 
number one method to monitor UA. In the nineties, only fifteen to twenty percent of the 
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deliveries in the United States and the United Kingdom were monitored with an IUPC. More 
than that, most obstetric units do not even have the facility to monitor uterine contractions 
internally.21,22  Unless clinicians are prepared to consider internal tocography as a method to 
monitor UA, it is to be expected that the tocogram will be of deplorable quality more often 
in the near future.
Unfortunately, we do not dispose of information concerning maternal body mass index 
of the patients that have entered our study. The externally obtained traces are probably 
primarily used in non-obese persons, since it is the departments’ policy to convert to internal 
monitoring in case of obesity. Even with our non-obese patient population the quality 
appears to be dramatic.
This is a retrospective study instead of a randomized controlled trial (RCT). A RCT would 
have presented the ideal situation. In this situation, very likely more attention to appropriate 
assessment of UA would have been made. It is to be expected that this would give a roseate 
view on quality for both methods. The objective of the current study was to determine the 
quality of UA monitoring in daily obstetric practice.
This study demonstrates that in a centre with special attention to cardiotocography, the 
quality of the obtained tocogram is insufficient. We can conclude that there is a tendency 
towards a better quality UA trace with internal monitoring than with external monitoring. 
If one decides to monitor one should do it properly and aim for a good quality trace. 
The application of an IUPC can be considered if external monitoring does not provide an 
adequate UA trace, preferably with an electronic microtip IUPC catheter. More attention 
to proper application of UA monitoring will result in better reading and interpretation of 
uterine contraction and FHR patterns. 
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ABSTRACT
objective: The aim of this review is to provide more insight in the fetal mechanisms as a 
response to uterine contractions and to emphasize the importance of correct assessment of 
uterine activity patterns during labour. 
results: UA causes a decreased flow through the uterine artery. In the healthy 
uncompromised fetus, this will not cause fetal acidemia. The fetus has developed certain 
protection mechanisms to survive labour; (1) During a contraction fetal preload increases 
and enables the fetus to maintain a constant blood flow through the umbilical artery and (2) 
UA increases the blood flow in the fetal middle cerebral artery, i.e. the brain-sparing effect.
The shortcoming of those protection mechanisms in the compromised fetus and in case 
of excessive UA increases the risk of adverse fetal outcome. The brain-sparing effect will 
become more pronounced to compensate for the decreased umbilical artery blood flow and 
fetal oxygen saturation. Maintenance of normal UA, especially a sufficiently long relaxation 
time, is essential so that the supply of well oxygenated maternal blood to the intervillous 
space will be restored and the fetal cerebral oxygen saturation can remain stable.  
conclusion: Adequate UA monitoring is a prerequisite for proper reading and interpretation 
of cardiotocograms. It alarms us in cases of excessive UA and can help us to prevent fetal 
acidemia. Uterine contraction monitoring deserves full attention in daily obstetric practice.
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INTRODUCTION
Following its introduction into clinical obstetric practice in the 1960’s, electronic fetal heart 
rate monitoring (EFM) raised hopes that its application would allow detection of fetal hypoxia 
early enough to institute timely interventions and prevent fetal asphyxia. Over time, it has 
become apparent that EFM has excellent specificity to identify a non-hypoxic fetus but has 
poor sensitivity. The positive predictive value of abnormal intrapartum fetal heart rate (FHR) 
patterns for the detection of fetal acidemia is only around 30%.1 This is in part because EFM 
was incorporated into obstetric practice before the underlying physiology of fetal responses 
to decreased oxygenation was well-understood. Furthermore, visual interpretation of FHR 
recordings is subjective. This leads to high inter-observer variability, especially in tracings with 
decelerations.2 A kappa value as low as 0.11 has been reported.3 Finally, opinions regarding 
the criteria and classification of FHR analysis differ.4
Until now, it is the general opinion that EFM has led to an increased incidence of obstetric 
interventions, without a significant improvement in fetal outcome. The only clinically 
significant benefit from the use of continuous EFM has been a reduction in the incidence of 
neonatal seizures.4,5
Fetal heart rate patterns can only be assessed if uterine activity (UA) is adequately 
recorded. In spite of this awareness, implementation of routine monitoring of the uterine 
contraction pattern has not been implemented and the importance of UA monitoring is 
often ignored in the many discussions on electronic fetal heart rate monitoring. This is even 
more distressing since elevated UA during the first and second stage of labour increases the 
risk of adverse fetal outcome.6
This review aims to provide more insight in the fetal mechanisms as a response to uterine 
contractions. The influence of uterine contractions on the fetal condition will be emphasized. 
The focus will be on creation of understanding why correct assessment of uterine activity 
patterns is so important. 
METHODS
The PubMed database (including Medline and the Cochrane Database) was searched 
for articles using Mesh terms like “Uterine Contraction”[Mesh], “Labor, Obstetric”[Mesh], 
“Ultrasonography, Doppler”[Mesh], “Observer Variation”[Mesh], “Cardiotocography”[Mesh], 
Uterine Contraction”[Mesh],  “Oximetry”[Mesh] and “Fetus”[Mesh]. More articles were 
selected by using the link “related articles”. Selected studies were evaluated on their contents 
and quality. Finally, if the contents were applicable and quality was adequate, they were 
included in the review. 
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UTERINE AND FETAL PERFUSION DURING LABOUR
The maternal blood supply to the placenta is intermittently interrupted by myometrial 
contractions when intra uterine pressure exceeds 30 mm Hg.7 Since the majority of 
contractions in active labour surpass an IUP of 30 mm Hg, the question rises how does a 
fetus maintain a stable blood supply during labour? 
Doppler ultrasonography
Doppler ultrasonography enables non-invasive evaluation of the uteroplacental circulation 
during pregnancy and labour. It can measure the arterial blood flow and resistance through 
vessels such as the uterine and umbilical arteries. Ultrasound waves are transmitted and 
subsequently reflected by moving erythrocytes in a vessel. Since Doppler shift is proportional 
to the velocity of the reflectant object, these waveforms represent the changes of blood 
velocity during the cardiac cycle. The ascending slope represents the increase in blood velocity 
at the beginning of the systole and is determined primarily by stroke volume. The descending 
slope represents the fall in blood velocity during the diastole and is determined primarily by 
vessel wall compliance and the peripheral resistance of that particular vascular bed. Analysis 
of waveforms consists of the calculation of the pulsatility index (PI; systolic component minus 
the diastolic component divided by the mean velocity in time) or resistance index (RI; systolic 
component minus the diastolic component divided by the systolic component). An increased 
pulsatility index corresponds to a decreased velocity and vice versa.8-10
Effect of uterine activity on uterine artery perfusion
Hemodynamic studies in women during labour have shown that uterine artery waveforms 
change during contractions.8,9,11 Fleischer9 and Brar8 examined uterine artery waveforms at 
the onset, peak and end of a contraction. Uterine contractions were measured by means of 
an intra uterine pressure catheter. Both found a decrease in the diastolic component during 
contractions which was inversely related to the increase in IUP. Fifteen cases in the study of 
Brar showed even an absent end-diastolic flow during a uterine contraction. Those cases had 
a significantly higher intra uterine pressure (64.5 mm Hg) than the 12 cases with maintained 
end-diastolic flow (46.5 mm Hg). The level at which the end-diastolic flow totally ceases 
differs in both studies. Fleischer9 found absent end-diastolic flow when IUP exceeded 35 mm 
Hg. Brar8 demonstrated this phenomenon to occur at pressures over 60 mm Hg. Contractions 
with an IUP more than 60 mm Hg will add only a little to the observed velocity reductions.12
It remains unclear if intravenous oxytocin influences the uterine artery waveform. Fleischer9 
and Brar8 found no difference in uterine artery waveforms following the administration of 
oxytocine. Li11, on the contrary, found that in cases with oxytocin-induced contractions the 
flow direction was more often reversed than in cases with spontaneous contractions. They 
conclude that in high concentrations oxytocin can act as a vasoconstrictor and therefore 
cause a reversed uterine artery blood flow.
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The reduction in uterine blood flow velocity during contractions can be influenced through 
two separate actions. One action involves application of tocolytic agents to decrease UA. The 
second involves administration of medications that increase mean maternal blood pressure 
like ephedrine. If a patient is given intravenous ephedrine during the active phase of labour 
the end-diastolic velocity can restore up to 74% of the precontraction value. This may reflect 
the reopening of uteroplacental vessels compressed by the myometrium.13 
Effect of uterine activity on umbilical artery perfusion 
Although uterine artery waveforms change during contractions, this does not apply for 
umbilical artery velocity waveforms. In the healthy fetus, there is no significant change in 
the umbilical systolic/diastolic ratio before, during, and after the peak of a contraction.8-10 
How can the umbilical artery blood flow remain stable while the blood supply in the uterine 
branches decreases?
There is no definitive answer to this question. Is it because of the Wharton’s jelly that 
surrounds the umbilical artery and buffers the pressure caused by a contraction? Is it because 
the velocity in the umbilical artery is not only influenced by the peripheral resistance in the 
placenta but by the fetal cardiac output as well?8
The last hypothesis has been investigated by Takahashi and colleagues.14 They determined 
the blood flow from the placenta towards the fetal heart through the vena cava inferior 
and the ductus venosus during and between contractions; e.g. the fetal preload. Their 
results demonstrate a significant increase in the fetal preload during contractions versus 
pauses between contractions (p < 0.0001), suggesting that uterine contractions force well-
oxygenated blood from the placenta to the fetus helping the fetus to survive the stress of 
labour. Furthermore, since the supply of blood to the heart is increased the fetus can probably 
maintain its cardiac output and subsequently keep the umbilical artery blood flow stable.
If a fetus is compromised by example in the presence of abnormal FHR patterns, 
umbilical artery velocity waveforms do change. Damron15 compared umbilical artery and 
venous Doppler velocity waveforms during labour between and during a contraction in ten 
fetuses with normal FHR patterns and in ten fetuses with late decelerations. In cases with 
late decelerations, the umbilical artery blood flow resistance is significantly higher during 
and in between uterine contractions than in fetuses with a normal FHR pattern. This is 
probably due to an impaired placental circulation. Brar and colleagues16 obtained similar 
results. Unfortunately, in their study umbilical artery waveforms were only obtained between 
contractions and not during contractions.
Changes in umbilical artery velocity waveforms during the oxytocin challenge test (OCT) in 
complicated pregnancies have been studied by Li and co-workers17 in 2003. Hundred eleven 
term women with a normal pulsatility index of the umbilical artery were studied. All those 
women underwent an OCT; intravenous oxytocin infusion was started and the rate was 
increased until three contractions per 10-minute window were obtained. They demonstrated 
that during complicated pregnancies the PI of the umbilical artery indeed increased during 
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both uterine contractions and relaxations. Fetuses which responded to a contraction with 
late decelerations (the OCT positive cases), showed a more pronounced increase of the 
umbilical artery PI in response to uterine contractions than the fetuses with normal FHR 
patterns (the OCT negative cases). Furthermore, in cases with a positive OCT there was 
a significantly higher PI during uterine contractions than during periods of relaxation. In 
negative OCT cases, no such difference was found. The increased PI found during uterine 
relaxation is probably due to decreased turgor of the capillaries in compromised fetuses. 
It is much more difficult for those capillaries to reopen after the contraction has ceased, 
resulting in a continued state of collapse. The PI of the umbilical artery during and between 
contractions in the 8 cases with birth asphyxia did not differ from the PI in cases without 
birth asphyxia.
Effect of uterine activity on cerebral artery perfusion 
During UA the cerebral blood flow changes as well. Contractions increase the blood flow 
in the fetal middle cerebral artery (MCA) due to two mechanisms: 1) contractions cause 
a short-lasting interruption of oxygen delivery to the fetus and 2) fetal hypoxia causes a 
centralization of blood to vital organs such as the brain, the heart and the adrenal glands.18 
This redistribution of blood flow is called brain-sparing and is investigated by Li and 
colleagues.19 The velocity waveforms of the MCA and the umbilical artery in 82 term, intra 
uterine growth restricted fetuses during labour were studied. Once again those fetuses were 
exposed to an OCT and subsequently the velocity waveforms were recorded during and 
between contractions. Their results show a significantly decreased PI of the MCA during and 
between contractions in both the OCT positive (n = 10) and the OCT negative (n = 72) cases. 
This so called brain-sparing effect is more pronounced in fetuses with an impaired ability 
to resist hypoxic stress; e.g. the OCT positive cases! Those cases showed a centralization of 
blood at the expense of placental blood flow. The brain-sparing effect remains present even 
after the contraction has ceased. Apparently, once labour has started there are no major 
changes in cerebral vasodilatory response of the middle cerebral artery. This phenomenon 
can probably be explained by the rapid accumulation of carbon dioxide during contractions 
which causes vasodilatation in the cerebrum even during periods of uterine relaxation of 
substantial duration.19,20
OXYGEN METABOLISM IN LABOUR
Oxygen crosses the fetal maternal membranes quickly by diffusion. This is facilitated by 
the difference in oxygen pressure between maternal (high PO2) and fetal blood (low PO2). 
The final amount of oxygen that reaches the fetus is equal to the amount of dissolved oxygen 
from the maternal uterine veins, approximately 35 mm Hg. How can a fetus survive this state 
of “relative hypoxemia”?18
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Fetal defence mechanisms for low PO2
There are several physiologic mechanisms that enable the fetus to survive in an environment 
with a relatively low PO2:
1. Fetal haemoglobin: Fetal blood contains a higher level of haemoglobin which means 
more capacity to carry oxygen. Furthermore, fetal haemoglobin has an increased oxygen 
affinity as a result of which it can extract oxygen more easily from maternal blood. 
2. The brain-sparing effect.
3. A relatively high heart rate resulting in a high cardiac output.
4. More capillaries per unit of tissue.
These physiologic mechanisms enable the fetus to maintain normal aerobic metabolism 
during contractions until the available oxygen in the intervillous space falls down to 50% 
of normal levels. Beneath this level, the fetus has to switch to the less efficient anaerobic 
metabolism.18 Over the years various methods have been introduced to examine fetal 
oxygenation. 
Transcutaneous measurement of fetal oxygen pressure
At first, fetal oxygenation was determined by means of transcutaneous measurement of 
the PO2.  In a study of 30 patients, 1493 contractions were analysed. The area under the 
PO2 curve was related to the following contraction parameters: duration, amplitude and 
relaxation time. A strong correlation was found between the PO2 and UA. Of the three 
measured parameters, the contraction interval had the strongest association.21 If the 
relaxation time was sufficiently long, than the fetus had enough time to restore its PO2 
level to precontraction values! Once again this emphasizes the importance of the relaxation 
time.6,21,22 Unfortunately, transcutaneous monitoring of the PO2 has many limitations. One 
of these limitations is the technical problem with probe attachment due to hair and caput 
oedema. Another problem is that the PO2 level can be normal in the presence of central 
hypoxia and acidosis due to the right-shift of the haemoglobin dissociation curve. Therefore, 
transcutaneous monitoring of the PO2 is no longer in frequent use.
23 
Fetal pulse oximetry
To overcome the physiological ‘‘shortcomings’’ of transcutaneous monitoring of the PO2; 
fetal pulse oximetry has been developed. It allows for non-invasive assessment of oxygen 
saturation (SpO2) in the arterial circulation of the presenting part.
In order to establish normal values for SpO2 during labour, Chua
24 obtained fetal arterial 
oxygen saturation values throughout labour in 115 women. The cervical dilatation related 
SpO2 values were plotted for all women from 1-10 cm, respectively, in the first stage of 
labour and for the last 10 minutes before delivery in the second stage of labour. All women 
had normal neonatal outcome defined by 5 minute Apgar scores > 7 and arterial umbilical 
cord pH ≥ 7.15. They conclude that there is a wide range of SpO2 values during labour in 
fetuses with normal outcome. However, for each individual fetus, SpO2 values were relatively 
constant throughout labour. The mean averaged values remain at 50 % ± 10% throughout 
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the complete first and second stage of labour. Occasionally, the SpO2 value decreased to 
levels below 30%. This was only momentarily. In the presence of normal FHR patterns the 
SpO2 returned quickly to levels above 30%.
Apparently, SpO2 levels remain relatively stable during labour. But what happens with the 
SpO2 levels during a single contraction? Table 1 presents an overview from three research 
groups that reported on this subject. All three used fetal pulse oximetry to assess the SpO2 
value in relation to intra uterine pressure.25-27 The study of Paternoster and colleagues27 
additionally studied the effects of epidural analgesia and uterine contractions on fetal oxygen 
saturation. He found that fetal oxygen saturation was unaffected by epidural analgesia.
Table 1 demonstrates that the average SpO2 in all studies initially rises at the beginning 
of a contraction. A contraction appears to inject a bolus of well oxygenated blood into 
the fetus, initially increasing fetal oxygenation.25-27 This is in accordance with the findings 
of Doppler velocity waveform changes during uterine contractions.14,28  After the initial 
increase, oxygen saturation declines which persists until the contraction has ceased. There 
is no consensus in those studies at which point the SpO2 levels are the lowest or when they 
return to baseline level.25-27
Although East and co-workers25 found similar results, they reached other conclusions. 
According to their opinion, the observed difference in SpO2 levels between contractions 
and relaxations (47.3% versus 45.0%) is unlikely to be of any clinical significance. Therefore, 
they postulate that SpO2 levels are unaffected by UA. Considering the wide range of SpO2 
table 1. Characteristics and outcomes of studies concerning fetal oxygen saturation during labour
research group time from contraction Spo2 % (means ± SD) 
Paternoster 2001 - 30 sec 47.6 ± 2.4
n = 18, 118 contractions + 30 sec 52.5 ± 5.3*
+ 60 sec 47.9 ± 4.5
+ 90 sec 44.7 ± 5.8*
+ 120 sec 42.9 ± 7.2
+ 150 sec 44.5 ± 6.3
+ 180 sec 44.7 ± 4.2
Without and with epidural 46% and 45% respectively
East 1998 - 30 sec 46.3%**
n = 17, 425 contractions during a contraction 47.3%**
+ 50 sec 45.0%
between contractions# 45.5%
McNamara 1995 Continues measurement greatest drop is after 92 sec (-8%)
n = 16, 159 contractions Returns to baseline after 2 min
* Significantly different from previous measurements (p < 0.05).
** Significantly different from the following two measurements (p < 0.05).
# Excluding the periods -30 sec and + 50 sec.
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levels during labour their conclusion might be correct. However, this will only concern 
the uncompromised fetus throughout uncomplicated labour. If labour is complicated by 
tachysystole, defined as a contraction frequency of more than 5 per 10 minutes, SpO2 levels 
as low as 36%29 and 23%27 respectively have been described. Oxygen saturation resolves 
to normal levels after oxytocin infusion has stopped and contraction frequency becomes 
normal; less than one every two minutes.29 The ideal contraction interval in which fetal 
cerebral oxygen saturation remains stable or even increases is 2.3 minutes or longer. Than 
the supply of well oxygenated maternal blood to the intervillous space will be restored and 
will have returned to baseline levels before the subsequent contraction occurs.30 Additional 
research has to be done to confirm the changes in fetal oxygenation saturation during 
abnormal labour or in high-risk patients.  
Maternal oxygen administration during labour 
Physiological studies support the notion of a relationship between maternal oxygenation 
and fetal wellbeing. However, in literature there is controversy whether the uncompromised 
fetus benefits from maternal oxygen administering. The Cochrane library therefore performed 
a systematic review. Only two trials were eligible and even those two were of poor quality. 
They therefore concluded that there is not enough evidence to support the use of maternal 
oxygen therapy during uncomplicated labour.31
FETAL HEART RATE PATTERNS IN RELATION TO UTERINE 
CONTRACTIONS
The FHR pattern can be characterized by the baseline FHR, variability, decelerations and 
accelerations (table 2). 
The baseline FHR
Many conditions have been associated with the occurrence of fetal bradycardia or, at 
the other end of the spectrum, fetal tachycardia. A fetal bradycardia can occur in case of 
cord compression or excessive uterine activity. Infection of either the mother or the fetus 
and fetal hypoxia can cause tachycardia. In the occurrence of prolonged decelerations, the 
baseline FHR following the deceleration can become tachycardic.32
Variability
The FHR pattern changes when labour begins. Those changes in FHR pattern are not solely 
seen in complicated labour or in depressed neonates. Even in normal labour, the FHR pattern 
of the healthy fetus demonstrates decreased variability. Zimmer and co-workers33 studied the 
FHR patterns of 26 healthy fetuses in active labour with an appropriate weight for gestational 
age and 5 minute Apgar scores of 9 or 10. The FHR was computerized and the following 
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FHR indices could be evaluated: baseline FHR, small and large accelerations, decelerations, 
episodes of low and high FHR variation and finally short term variation. Montevideo units 
and Alexandria units were used for quantitative assessment of UA.34 Their data indicate that 
in active labour FHR variability is inversely related to intensity and duration of contractions; 
an increase in UA is significantly associated with a decrease in FHR variability.33
The mechanisms at the basis of a change in FHR variability in relation to uterine contractions 
are not well understood. In the human fetus, acute hypoxemia causes a small increase in 
the FHR rather than a small decrease. If the hypoxemia persists and progresses to fetal 
acidosis, the FHR gradually declines, resulting in bradycardia.35,36 The detected decrease in 
FHR variation during contractions in healthy fetuses might be the result of other mechanisms 
than hypoxia.33 
Decelerations
Decelerations can be a normal feature during labour. The incidence of variable 
decelerations in normal labour varies and can be up to 23% while only one fifth of those 
table 2. Characteristics of the fetal heart rate pattern44
Baseline fhr The mean level of the FHR when this is stable, excluding accelerations and 
decelerations. It is determined over a time period of 5 or 10 minutes and 
expressed in beats per minute (bpm)
Normocardia baseline FHR between 110-160 bpm*
Bradycardia baseline FHR < 110 bpm
Tachycardia baseline FHR > 160 bpm
Variability The minor fluctuations in baseline FHR occurring at three to five cycles per 
minute. It is measured by estimating the difference in bpm between the highest 
paek and lowest trough of fluctuation in one-minute segment of the trace
Normal ³ to 5 bpm between contractions
Non-reassuring < 5 bpm for 40 minutes or more but less than 90 minutes
Abnormal < 5 bpm for 90 minutes or more
Decelerations Transient episodes of slowing of FHR below the baseline level of more than 15 
bpm and lasting 15 seconds or more
Early Uniform, repetitive, periodic slowing of FHR with onset early in the contraction 
and return to baseline at the end of the contraction 
Variable Variable, intermittent periodic slowing of FHR with rapid onset and recovery. 
Time relationships with contraction cycle are variable and they may occur in 
isolation. Sometimes they resemble other types of deceleration patterns in 
timing and shape.
Late Uniform, repetitive, periodic slowing of FHR with onset mid to end of the 
contraction and nadir more than 20 seconds after the peak of the contraction 
and ending after the contraction
accelerations Transient increases in FHR of 15 bpm or more and lasting 15 seconds or more
* The FIGO guidelines consider a FHR between 110-150 bpm as normal.43
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cases showed signs of fetal distress expressed by low one- and five-minute Apgar scores.37 
Variable decelerations are attributed to cord compression due to uterine contractions. During 
uterine relaxations the cord compression is removed and in case of sufficient long relaxation 
periods, the fetus can remain in normal condition.38
Fetal distress can occur if variable decelerations become atypical.37,39 Unfavourable 
characteristics of “atypical” variable decelerations are (1) loss of initial acceleration, (2) a slow 
return to the base-line FHR, (3) loss of “secondary” acceleration39, (4) prolonged secondary 
“acceleration”; also named overshoot40, (5) biphasic deceleration, (6) loss of variability during 
the deceleration, and (7) a continuation of the base-line at a lower or higher level. Loss of 
variability during decelerations was associated with the highest percentage of low Apgar 
scores, whereas loss of initial acceleration was a relatively benign finding.39
Early and late decelerations occur less frequently. In contrast to early decelerations, late 
decelerations can be a late sign of fetal deterioration. They are associated with uteroplacental 
insufficiency. Especially in combination with decreased variability and in the absence of 
accelerations, late decelerations are an ominous pattern.38,41
  
Accelerations
Accelerations can be sporadic or periodic, meaning in relation to a uterine contraction. 
Sporadic accelerations are a response to fetal movements and probably reflect fetal well-
being. Periodic accelerations are probably due to compression of the umbilical vein coinciding 
with contractions. They have no significant influence upon fetal prognosis.42 
In certain cases overshoot following a deceleration can mimic periodic accelerations. This 
is probably a sign of myocardial depression. Infants with this typical FHR pattern tended to 
have a high frequency of cerebral palsy.40
UTERINE CONTRACTIONS AND FETAL OUTCOME
The relation between uterine activity and fetal outcome is only scarcely investigated. 
Even international guidelines on cardiotocography mention UA summarily or not at all.43-45 
Literature on this subject is nearly limited to studies whose primary goal was to determine 
the effects of UA on the progress in labour. The influence of UA on fetal outcome was merely 
a coincidental result. In the presence of fetal distress, UA can be more than 2 standard 
deviations above average. In these cases surprisingly, uterine hyperactivity had not been 
suspected by the attendant medical staff.46
In 1987 Bidgood and Steer47 examined the rise in uterine activity integral (UAI), 
representing the mean amplitude and frequency of contractions for a 15-minute window, 
in response to oxytocin intravenously. They found a logarithmic dose-response relation. 
However, contraction frequency will double at the expense of the contraction amplitude 
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if the UAI exceeds 1200 kPas/15 min. They consider this an undesirable situation because 
doubling of frequency may mean less recovery time for fetal oxygenation.
A recent retrospective study of 1433 cases showed evidence that elevated UA increases 
the risk of fetal acidosis at birth. IUP recordings and contraction parameters from deliveries 
ending with an umbilical artery pH of ≤ 7.11 were compared with those ending with an 
umbilical artery pH of ≥ 7.12. The acidotic group was exposed to significantly more UA 
during both the first and the second stage of labour (table 3).6 
table 3. Umbilical artery pH (means ± SD) in relation to the contraction parameters for the last hour of 
the first and the full second stage of labour6
first stage Second stage
umbilical 
artery ph
≤ 7.11
(n = 77)
≥ 7.12
(n = 1356)
p 
value
≤ 7.11
(n = 77)
≥ 7.12
(n = 1356)
p
value
Relaxation time (sec)
Cumulative 1261 (398) 1402 (547) 0.02 658 (578) 710 (717) 0.54
Average 51 (23) 63 (35) <0.001 36 (20) 47 (34) <0.001
Contraction duration (sec)
Cumulative 2216 (449) 2053 (500) 0.005 1465 (973) 1268 (1010) 0.09
Average 87 (9) 87 (10) 0.68 82 (11) 84 (12) 0.22
Contraction amplitude (mm Hg)
Cumulative 1383 (544) 1178 (501) <0.001 1477 (1084) 1219 (1012) 0.03
Average 54 (16) 51 (19) 0.165 81 (21) 81 (25) 0.889
Contraction surface (mm Hg times sec)
Cumulative * 479 (164) 418 (154) <0.001 442 (344) 370 (318) 0.06
Average 1875 (555) 1798 (600) 0.26 2394 (908) 2376 (878) 0.87
Montevideo units  
Average 261 (86) 236 (97) 0.02 442 (133) 402 (129) 0.01
Uterine Activity Integral  
Average 9014 (2461) 8379 (2740) 0.04 13685 (4286) 12384 (3696) 0.004
Contraction frequency per 10 min
Average 5.0 (0.7) 4.8 (0.7) 0.006 5.5 (0.9) 5.2 (0.9) 0.002
* Divided by 100
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CONCLUSION
The aim of this review has been to summarize the effects that uterine contractions may 
have on the condition of the fetus. UA causes a decreased flow through the uterine artery.8,9 
In the healthy uncompromised fetus, this will not cause fetal acidemia. The fetus has 
developed certain protection mechanisms and can survive labour without being damaged; 
(1) during a contraction fetal preload increases and enables the fetus to maintain a constant 
blood flow through the umbilical artery14; (2) UA increases the blood flow in the fetal middle 
cerebral artery, i.e. the brain-sparing effect19; (3) more capacity to carry oxygen due to an 
increased level of haemoglobin and an increased oxygen affinity and (4) a relatively high 
heart rate resulting in a high cardiac output.18
In the compromised fetus or in case of excessive uterine activity a fetus can not 
compensate the stress of labour. Umbilical artery blood flow start to decrease15,17 as well 
as oxygenation.25,27 To compensate, the flow in the middle cerebral artery increases even 
more.19 The autonomic nervous system will be activated and causes a decrease in FHR 
variability.33
One must be alert to excessive uterine activity and, in compromised fetus, even to normal 
uterine activity in labour. Recent research has demonstrated that elevated UA during the 
first and second stage of labour increases the risk of adverse fetal outcome.6 Oxytocin 
has to be administered with care and one must achieve a good quality uterine contraction 
trace. Adequate UA monitoring is a prerequisite for proper reading and interpretation of 
cardiotocograms. It alarms us in cases of excessive UA and can help us to prevent fetal 
acidemia. From this review and ample clinical experience it is obvious that contraction 
monitoring deserves full attention in daily obstetric practice. UA monitoring can be one 
solution to the FHR monitoring debate.  
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ABSTRACT 
objective: The objective of the study was to assess the role of uterine activity on fetal 
outcome.
Study design: Intra uterine pressure (IUP) recordings from consecutive term singleton, 
vaginal deliveries collected between June 1, 1993, and July 1, 2004, were analyzed. One 
thousand four hundred thirty-three recordings were included. IUP data were obtained using 
HP 8040A and HP M1350 cardiotocographs. For each recording the uterine contraction 
curve was analyzed, and the following contraction parameters were determined: relaxation 
time; contraction duration, frequency, amplitude, and surface; Montevideo units; and active 
planimeter units and contraction frequency. IUP recordings and contraction parameters 
from deliveries ending with an umbilical artery pH of 7.11 or less were compared with those 
ending with an umbilical artery pH of 7.12 or greater. Statistical analysis were performed 
using Student’s t test and logistic regression.
results: An umbilical artery pH 7.11 or less at birth is associated with significant more uterine 
activity during the first and second stage of labour.
conclusion: Increased uterine activity is significantly associated with a higher incidence of 
an umbilical artery pH of 7.11 or less.
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INTRODUCTION
The standard assessment of the fetal condition during labour and delivery is by means of 
cardiotocography, also named electronic fetal heart rate monitoring (EFM).1 EFM enables the 
obtaining of tracings of the fetal heart rate (FHR) and the uterine contraction curve using 
two methods: external or internal monitoring. With both methods a cardiotocogram (CTG) is 
obtained for further reading and interpretation.
In spite of its widespread use, EFM is surrounded by controversy. The source of the 
controversy lies in its limitations. Definitions of FHR patterns are not standardized, which 
leads to poor reliability of FHR interpretation2 and results in an increased incidence of 
obstetric interventions without a significant improvement in fetal outcome1. The only clinically 
significant benefit from the use of continuous EFM has been reduction in the incidence of 
neonatal seizures.1
The discussion of how to read and interpret cardiotocograms is nearly restricted to the FHR 
patterns. The influence of uterine activity (UA) on the fetal condition is scarcely addressed in 
literature. Even international guidelines on cardiotocography mention UA summarily or not 
at all.3-5 Freeman et al.6 and Shenker7 are among the few authors who suggest that UA may 
have an effect on the fetus, which is reflected in the FHR pattern as decreased variability, 
delayed (late) decelerations, or prolonged decelerations. Whereas Freeman et al6 mention 
the importance of the relaxation time, solely based on clinical experience, Shenker7 states 
that excessive UA is the most frequent cause of late decelerations.
The purpose of the current study was to determine how UA affects fetal outcome. 
Cardiotocographic data obtained during labour applying internal UA monitoring were 
analyzed and compared with the infants’ umbilical artery pH at birth.
MATERIALS AND METHODS
Recordings were from consecutive singleton, vaginal deliveries at term in the VU University 
Medical Center in Amsterdam, The Netherlands, June 1, 1993, until July 1, 2004. All cases 
with intra uterine pressure (IUP) monitoring (n = 2886) were included for further analysis. An 
IUP catheter was indicated if labour was induced or augmented and in cases of prolonged 
labour. Occasionally adequate contraction monitoring was not possible (eg, because of 
maternal obesity or lateral position and external monitoring had to be replaced by IUP 
monitoring). The study profile is presented in the figure, and the study demographics are 
presented in table 1. Exclusion took place for the following reasons: IUP monitoring in the 
first stage of labour was shorter than 1 hour (n = 216), ended more than 15 minutes before 
delivery of the infant (n = 284), or was not performed during the second stage of labour (n 
= 65). In 511 cases IUP was either inadequately calibrated (n = 289) or the IUP catheter was 
not correctly applied (n = 222). With regard to the umbilical cord blood gases, 377 cases 
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were excluded. Reasons for exclusion were: (1) the difference between umbilical arterial pH 
and venous pH was less than 0.03 units,8 suggesting that the same vessel (vein or artery) 
had been sampled twice; (2) samples were clotted; or (3) the result from the artery or vein 
was lacking. Finally, the database consisted of 1433 recordings.
Intra uterine tocography data were obtained using HP 8040A and HP M1350 
cardiotocographs (Hewlett Packard, Boblingen, Germany). An open-end, fluid-filled intra 
uterine pressure catheter was used (intra uterine pressure monitoring kit with amnio port/
lumen, Utah Medical Products, Midvale, UT). Before insertion, the IUP catheter is filled with 
figure 1. Flow diagram
IUP: intra uterine pressure monitoring; UA: uterine activity.
Deliveries with IUP monitoring  
June 1993–July 2004 
n = 2886 
Total Database 
n = 1433 
Ended > 15 min. before birth 
n = 284 
1st stage lasted < 60 min.  
n = 216 
Inadequate calibration 
n = 289 
Inadequate UA monitoring 
n = 222 
No reliable blood gases 
n = 377 
Deliveries with adequate IUP monitoring 
June 1993–July 2004 
n = 1810 
2nd stage not fully monitored 
n = 65 
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saline infusion fluid. The catheter is inserted into the uterus through the applicator and 
flushed to remove air bubbles. Next, calibration is done on atmospheric pressure. Incorrect 
IUP reveals itself in the pressure curve as a flat line (IUP not correctly applied) or a baseline 
tone below the 0 mm Hg line (inadequate calibration).
The CTGs are sampled for the FHR with a frequency of 4 Hz and the uterine pressure 
at 2 Hz. The status (pen on, pen off) and the mode of the signals (ultrasound/direct fetal 
electrocardiogram, external/internal pressure) are acquired.
The raw signals in combination with data from mother, fetus, and newborn infant are 
stored on a network server with the MOSOS centralized monitoring system (BMA Co, 
Woerden, The Netherlands). To analyze the signals (tocogram), a special program has been 
developed written in Fortran IV (P.H.J.K.). This program detects contractions automatically 
as changes in the uterine pressure curve and distinguishes between artifacts and real 
contractions. The raw signal (uterine pressure curve) passes a digital band-pass filter followed 
by a level-crossing technique in the first derivative analysis the uterine contraction curve. On 
the basis of this contraction detection program, the following parameters for each separate 
contraction are evaluated: relaxation time, contraction duration, contraction amplitude, and 
contraction surface. Montevideo units (MU),6 active planimeter units (AP),6 and contraction 
frequency are calculated over a 10-minute period (table 2). Parameters are computed for 
each contraction or 10-minute periods for the last hour of the first stage and the entire 
second stage of labour until the birth of the infant.
table 1. Study demographics presented as means ± SD and numbers for induced/ augmented labour
ph ≤ 7.11
(n = 77)
ph ≥ 7.12
(n = 1356)
p value
Maternal age (y) 31.6 ± 5.1 32.3 ± 5.1 NS
Gravidity 2.2 ± 1.4 2.3 ± 1.6 NS
Parity 0.8 ± 1.2 0.8 ± 1.0 NS
Gestational age (days) 282 ± 8 277 ± 9 <0.001
Birth weight (g) 3511 ± 502 3404 ± 481 0.05
pH umbilical artery 7.07 ± 0.01 7.24 ± 0.01 <0.001
CO2 umbilical artery 70.8 ± 10.1 53.6 ± 9.5 <0.001
Base deficit umbilical artery 11.4 ± 3.2 5.6 ± 3.0 <0.001
Duration CTG 2nd stage (min) 37.6 ± 26.7 33.5 ± 28.7 NS
Induced/ augmented labour 
Oxytocin 57 (74%) 1013 (75%) NS
Prostaglandins 7 (9.1%) 109 (8.0%) NS
Operative delivery 34 (44%) 351 (25.9%) <0.001
NS: no significance.
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Starting time of the second stage was determined by the time written down in the 
patients’ chart and had to correspond with the start of active pushing visible on the uterine 
contraction curve. The average duration of the second stage was 37.6 minutes in the acidotic 
group and 33.5 minutes in the nonacidotic group. For each recording the average and 
cumulative contraction parameter values were calculated. Because MU, AP, and contraction 
frequency are already averaged parameters, only mean values have been computed.
Umbilical cord blood gases were routinely collected according to a standardized protocol. 
Immediately after birth, a segment (10-30 cm) of the umbilical cord is double clamped. The 
first clamp is placed about 20 cm from the umbilicus and the second near the umbilicus. 
Samples from the umbilical vein and arteries are drawn in 1 ml dry, nonheparinized, 
polyethylene syringes and measured with a Rappidlab 840 (Bayer, Germany) or a Corning 
248 (Bayer, Leverkusen, Germany). This machine performs a full blood gas analysis: pH, 
pCO2 and pO2.
Fetal acidosis was considered an umbilical artery pH of 7.11 or less on the basis of the 
review of 14 studies by Vandenbussche et al.8 Further classification of the study group was 
performed according to the definitions by Goodwin et al.9 Metabolic acidosis was defined 
as pCO2 65 mm Hg or less and base deficit 10 mmol/L or greater; respiratory acidemia 
was defined as pCO2  greater than 65 mm Hg and base deficit less than 10 mmol/L. Mixed 
acidosis was defined as pCO2 greater than 65 mm Hg and base deficit 10 mmol/L or greater.
9 
The base deficit of blood has been used to determine the different forms of acidosis. It 
is calculated from the following equation: BD (blood) = (1 - 0.014 x concentration total 
hemoglobin [ctHb]) [(cHCO3
-- 24.8) + (1.43 x ctHb + 7.7) (pH - 7.40)].
Contraction parameters during the first and second stage of labour were analyzed by 
univariate analysis. Statistical analysis were performed with the Student’s t test. Results are 
presented as means and SDs. The tests were considered statistically significant when p < .05 
for a 2-tailed test. To investigate interrelations of the parameters, stepwise logistic regression 
was performed for 2 models: with and without correction for confounders.
table 2. Definition of contraction parameters
Parameter Definition
Relaxation time Time in seconds between the end of a contraction and the 
beginning of the next contraction 
Contraction duration Time in seconds between onset and offset of a contraction 
Contraction amplitude Maximum uterine pressure above basal tone in mm Hg
Contraction surface Surface underneath the contraction compared with the basal 
tone between onset and offset of the contraction in mm Hg 
times seconds
Montevideo units6 Average of the intensities of all contractions times the 
frequency of the contractions in a 10 minute period 
Active planimeter units6 Area under the active pressure curve in a 10 minutes period
Contraction frequency Number of contractions in 10 minutes period
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RESULTS
Increased uterine activity during the first and second stage of labour is associated with an 
increased incidence of lower pH values in the umbilical artery (table 3).
In the first stage of labour, this holds for all contraction parameters. The acidotic group in 
comparison with the nonacidotic group has a shorter relaxation time and vice versa a longer 
duration, higher amplitude, and an increased surface of the contractions. The same holds 
true for the Montevideo units, active planimeter units, and contraction frequency.
Comparison of contraction parameters in the second stage of labour again shows more 
UA in the group with an unfavourable umbilical artery pH. Although not all differences 
are significant, results demonstrate a similar tendency as in the first stage of labour. The 
Montevideo units, active planimeter units, and contraction frequency are significantly 
increased in the acidotic group.
table 3. Umbilical artery pH (means ± SD) in relation to the contraction parameters for the last hour of 
the first and the full second stage of labour
first stage Second stage
umbilical 
artery ph
≤ 7.11
(n = 77)
≥ 7.12
(n = 1356)
p 
value
≤ 7.11
(n = 77)
≥ 7.12
(n = 1356)
p
value
Relaxation time (sec)
Cumulative 1261 (398) 1402 (547) 0.02 658 (578) 710 (717) 0.54
Average 51 (23) 63 (35) <0.001 36 (20) 47 (34) <0.001
Contraction duration (sec)
Cumulative 2216 (449) 2053 (500) 0.005 1465 (973) 1268 (1010) 0.09
Average 87 (9) 87 (10) 0.68 82 (11) 84 (12) 0.22
Contraction amplitude (mm Hg)
Cumulative 1383 (544) 1178 (501) <0.001 1477 (1084) 1219 (1012) 0.03
Average 54 (16) 51 (19) 0.165 81 (21) 81 (25) 0.889
Contraction surface (mm Hg times sec)
Cumulative * 479 (164) 418 (154) <0.001 442 (344) 370 (318) 0.06
Average 1875 (555) 1798 (600) 0.26 2394 (908) 2376 (878) 0.87
Montevideo units  
Average 261 (86) 236 (97) 0.02 442 (133) 402 (129) 0.01
Uterine Activity Integral  
Average 9014 (2461) 8379 (2740) 0.04 13685 (4286) 12384 (3696) 0.004
Contraction frequency per 10 min
Average 5.0 (0.7) 4.8 (0.7) 0.006 5.5 (0.9) 5.2 (0.9) 0.002
* Divided by 100
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Logistic regression demonstrates that four of the contraction parameters predict an 
adverse umbilical artery pH best: high cumulative values for first-stage contraction amplitude 
and surface and a high contraction frequency during the first and second stage of labour. 
After correction for confounders in the second logistic regression model, a high cumulative 
first-stage contraction surface and an increased first-stage contraction frequency persist.
The average umbilical artery pH in the nonacidotic group was 7.24 with a maximum of 
7.41. Base deficit and pCO2 were 5.6 mmol/L and 53.6 mm Hg, respectively. In the acidotic 
group, the average pH was 7.07 with a minimum pH of 6.89. The average base deficit value 
was 11.4 mmol/L, the average pCO2 70.8 mm Hg (table 1). Thirty-nine percent of these fetuses 
had respiratory acidosis, 31% mixed acidosis, and 30% metabolic acidosis. A subanalysis 
demonstrated that there was no difference in uterine activity between those groups.
COMMENT
The current study demonstrates that increased uterine activity is significantly associated 
with a higher incidence of an umbilical artery pH of 7.11 or less.
The choice for this pH value as a threshold for fetal acidosis is based on the review article 
of 14 studies by Vandenbussche et al.8 In this review the mean values and the lower limits of 
statistical normality for arterial cord pH are presented, as reported in the literature. Deriving 
from this literature ordering of arterial cord blood pH in three categories is recommended: 
(1) pH greater than 7.11 as normal, (2) borderline if pH is between 7.11 and 6.99, and (3) 
abnormal if pH is below 6.99. This classification is supported by statistical and physiological 
evidence.8 Yet the threshold for associated acidemia might be higher. Recent published 
literature demonstrates that even a small decrease in umbilical cord blood gas pH values 
is associated with decreased 5-minute Apgar scores, an increased incidence of neonatal 
intensive care unit admissions and more frequent assisted ventilation.10 The clinical implication 
of this acidosis also depends on whether acidosis is mixed, metabolic, or respiratory. Clinical 
concerns are much greater with a severe metabolic and mixed acidosis caused by hypoxia 
during labour than with a pure respiratory acidemia caused by carbon dioxide accumulation. 
Unfortunately, there is still no universal agreement on the definitions for different forms of 
umbilical cord blood acidemia.11,12
There is physiological evidence for uterine activity induced fetal acidosis at birth. When 
contractions occur and they exceed 30 mm Hg, the maternal spiral arteries are compressed 
and placental perfusion is strangulated.6,13,14 In labour, mean uterine pressure is 85-90 
mm Hg. Maternal pushing causes elevations of IUP, contributing to further compression of 
maternal spiral arteries.6 Blood flow in compressed spiral arteries is decreased. However, it 
remains unclear whether oxygen transfer to the fetus is interrupted. There is controversy in 
literature concerning fetal oxygenation saturation during uterine contractions. McNamara and 
Johnson15 found the greatest drop in saturation 92 seconds after the peak of a contraction. 
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Complete recovery occurs after 90 seconds.15 On the contrary, East et al.16 concluded that 
fetal oxygenation saturation was unaffected by uterine contractions. It is noteworthy that 
both studies analyzed only a limited number of cases, 18 and 17 cases, respectively.
Excessive UA, by means of hyperstimulation and tachysystole, shortens the relaxation 
time. This results in higher levels of cerebral deoxygenated hemoglobin, lower levels of 
oxygenated hemoglobin, and decreased intracerebral saturation.17 In case of tachysystole, 
intracerebral saturation can be down to 36%, whereas in normal labour, the mean saturation 
level drops much less, namely to 54%.17,18 The acidotic group in our study had a significant 
higher contraction frequency in the first and second stage of labour than the group with a 
normal umbilical artery pH.
The importance of excessive UA and relaxation time has been acknowledged by other 
authors as well. However, the primary goal of these studies was not so much to determine 
the effect of UA on fetal outcome as to determine the influence of UA on the progress of 
labour. Gee and Beazley19 found that in patients with fetal distress, UA was more than 2 SD 
above average. In these cases surprisingly, uterine hyperactivity had not been suspected by 
the attendant medical staff.
In 1987 Bidgood and Steer20 examined the rise in uterine activity integral (UAI), 
representing the mean amplitude and frequency of contractions for a 15-minute window, 
in response to oxytocin intravenously. They found a logarithmic dose-response relation. 
However, contraction frequency will double at the expense of the contraction amplitude if the 
UAI exceeds 1200 kPas per 15 minutes. They consider this an undesirable situation because 
doubling of frequency may mean less recovery time for fetal oxygenation.20 Therefore, active 
management of labour for women undergoing labour induction or augmentation should be 
used with caution.
In both the acidotic and nonacidotic group, approximately 75% of deliveries was 
augmented or induced. This overrepresentation of labour induction and augmentation relates 
to oxytocin use as the primary indication for IUP catheter usage. The relation between UA 
and fetal acidosis holds true for both the first and second stage of labour. This relationship 
appears to be less strong for the second stage of labour than the first stage. This is, though, 
the consequence of a shorter period of analyzed contractions in the second stage of labour 
(33-37 minutes) than in the first stage of labour (60 minutes). The SD and with that the levels 
of significance are highly influenced by this difference of duration.
The current study has quantified UA parameters of the last hour of the first stage and the 
complete second stage. This choice is based on research by others.21,22 Low et al.21 performed 
a matched case-control study to determine the predictive value of FHR variables for fetal 
asphyxia during labour. FHR variables started to discriminate between the asphyxiated and 
control group during the last 2 hours prior to delivery. Williams and Galerneau22 showed a 
narrow 1-hour window in which FHR patterns predict fetal asphyxia/acidosis. The primary 
goal of our study was to determine whether and how UA affects fetal outcome. We did not 
perform an extensive analysis on the FHR pattern. However, a subanalysis to establish the 
incidence of decelerations was performed. In contrast to the results of Shenker,7 who found 
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more late decelerations in case of excessive UA, we found no significant difference between 
the two groups.
Analysis of the contraction parameters was performed in case a fluid- filled IUP catheter 
had been applied. In The Netherlands, the IUP catheter is applied to approximately 20% of 
deliveries, whereas in the United States, this technique is no longer utilized. However, it is 
an adequate method. Devoe et al.23 and Arulkumaran et al.24 demonstrated that the open 
fluid-filled catheter detects UA just as well as the electronic microtip.
It is distressing that most international guidelines lack information concerning UA.3-5 
The evidence-based clinical guideline on EFM by the Royal College of Obstetricians and 
Gynaecologists (RCOG) does not mention UA at all.4 The American College of Obstetricians 
and Gynecologists (ACOG) likewise provides guidelines for monitoring, interpretation, and 
management on FHR patterns and none on UA.5 The International Federation of Gynaecology 
and Obstetrics (FIGO) gives some attention to the subject of UA. They mention only the 
contraction frequency. A contraction rate of more than 4 per 10 minutes is considered 
ominous, leading to insufficient time for placental perfusion and iatrogenic fetal distress. 
This cut-off value for the contraction frequency is not substantiated by any research.3
In discussions on the benefits of EFM, uterine contraction monitoring generally is ignored. 
On the basis of the results from the current study, it is obvious that contraction monitoring 
deserves full attention. Elevated UA during the first and second stage of labour increases the 
risk of adverse fetal outcome. Adequate reading and interpretation of the uterine contraction 
curve can be one solution to the FHR monitoring debate and may reduce the number of 
unnecessary obstetric interventions. Uterine activity monitoring deserves a more prominent 
role in daily obstetric practice. 
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GENERAL DISCUSSION AND CONCLUSIONS
The practice of monitoring the fetal heart rate (FHR) during labour was stimulated by 
William Little, a London orthopedic surgeon. In 1862 he expressed the view that “the process 
of birth was responsible for the pathology of cerebral palsy”.1 His view was supported by 
President Nixon’s Commission on Mental Retardation in 1971. The goal of this commission 
was “To reduce by half the occurrence of mental retardation in the United States before the 
end of this century”.2 This goal was based on the assumption that half of institutionalized 
individuals with severe mental retardation had causative factors directly linked to the process 
of labour and delivery. Electronic fetal heart rate monitoring (EFM) during labour would 
therefore reduce perinatal mortality and morbidity by 50%.3 The opposite occurred. The 
incidence of cesarean delivery in the US increased from 5% before the introduction of EFM 
to almost 25% today while the incidence of cerebral palsy remained unchanged at 1-2 in 
1000 term births.4 Indeed, in immature and preterm neonates the incidence of cerebral 
palsy has actually increased since the seventies.5 The development of advanced techniques 
and a changed attitude towards fetal live has caused a shift towards obstetric intervention at 
a much lower gestational age than in former years, both on fetal as on maternal indication. 
The consequence is a high incidence of immature and premature neonates prone to cerebral 
palsy born by a cesarean section. Other reasons for an increased cesarean rate are the 
following: an increase in twins and triplets, an increase in the maternal age for the first 
pregnancy and other criteria for the duration of the birthing process. It is plausible that the 
previous factors are more responsible for the increased cesarean rate than the introduction 
of EFM.6
What went wrong?
1. Expectations of EFM have been too high.
The prevalence of the target disorder for EFM, cerebral palsy related to intrapartum 
asphyxia, is much lower than the overall prevalence of cerebral palsy. The exact incidence 
is hard to determine because the causes of cerebral palsy in term births are very difficult to 
elucidate. In recent decades it has been postulated that they are predominantly prenatally 
derived with only a small proportion of around 10% originating around labour and birth.7-9 
The studied population, however, was from before 1980 and the diagnosis was made on 
clinical signs like an Apgar score at 1 minute of less than 7, abnormal FHR recordings (FHR of 
more than 160 or less than 120 beats/min) and abnormal neonatal signs (change in conscious 
state, poor sucking or seizures). Neuroimaging by means of post neonatal computed 
tomography and/or magnetic resonance imaging was not common practice in those days. 
On occasion ultrasonography of the brain was performed. More recent research, written 
down in the Swedish population-based cerebral palsy report, has lead to the conclusion 
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that higher proportions of perinatally acquired cerebral palsy are related to term births. 
Intrapartum asphyxia related cerebral palsy occurred in 20% in term neonates born between 
1995 and 1998. Neuroimaging in a total of 90% cases was performed in this Swedish study 
and combined with certain clinical criteria to diagnose intrapartum asphyxia related cerebral 
palsy. Birth asphyxia severe enough to be the cause of cerebral palsy was considered when 
a series of the following four events were present: (a) intrauterine hypoxia (miscoloured 
amniotic fluid, fetal bradycardia or tachycardia, variable decelerations on the CTG, cord 
prolapse or placental abruption); (b) Apgar score < 5 at 1 minute or 5 minutes; (c) assisted 
ventilation or convulsions before day 3 in the neonatal period and (d) when performed, 
normal findings at early neuroimaging or evidence of acute cerebral abnormality.10
Although, the origin of cerebral palsy from term births appears to be more around 20% 
than 10% there is still 80 to 90% cerebral palsy not related to an asphyxial birth injury. 
Furthermore, intrapartum incidents like cord prolapse or placental abruption are of such 
rapid onset and so catastrophic that not all adverse outcomes are avoidable. 
2. Definitions of FHR patterns and related obstetric management have not 
been standardized.
An obvious problem with EFM is its lack of standardized nomenclature. To correct this 
problem, the National Institute of Health (NIH) Research Planning Workshop proposed a 
standardized set of definitions for the various FHR patterns. Consensus on guidelines for 
clinical management in the presence of the various FHR patterns unfortunately has never 
been reached.11
3. Poor reliability of FHR interpretation.
Lack of standardized nomenclature potentiates the problem of inter-observer and 
intra-observer variability. Donker et al.12 examined inter-observer variability in 13 obstetric 
cases. Twenty one experienced obstetricians were asked to classify FHR patterns blinded 
to neonatal outcome. Kappa statistics showed fair agreement among the obstetricians for 
the classifications of accelerations, baseline and decelerations. Poor agreement was found 
when the referees had to classify baseline variability or the type of deceleration. Next, the 
proposed obstetric management varied considerable between the obstetricians. In this study, 
the referees did not use international guidelines to classify the FHR patterns. The expectation 
that inter-observer variability will decrease, if international guidelines as forwarded by the 
International Federation of Gynecology and Obstetrics (FIGO) are used to classify the FHR 
pattern, appears too high. Bernardes et al.13 again reported poor agreement with regard to 
abnormal variability and the type of deceleration despite the use of the FIGO guidelines for 
classification. Reproducibility in normal FHR patterns (normal variability and accelerations), 
however, appear acceptable. Over the years, inter-observer variation has not improved. In 
2006, a study performed by Palomäki et al.14 found similar results as Bernardes et al in 1997.
Intra-observer agreement is equally poor.15 In a study by Nielsen intrapartum FHR tracings 
were shown twice with a 2 month interval to four experienced obstetricians. Intra-observer 
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agreement was on average 79% and pairwise 69%. Only 22% of the FHR tracings were 
assessed in the same way by all four obstetricians. Variability in FHR interpretation of 
this magnitude weakens the effectiveness of FHR monitoring as a reliable screening and 
diagnostic tool.
4. The validity of EFM to detect asphyxia has not been demonstrated
Although the association between FHR abnormalities during labour and fetal asphyxia 
is not good, the chance of the fetus being asphyxiated is higher when there are more 
abnormalities on the CTG. Low variability alone is very poorly predictive of fetal asphyxia, 
with a positive predictive value of around 5%. However, when complicated by tachycardia 
or decelerations the positive predictive value for a pH of less than 7.20 increases to around 
30%. The positive predictive value of late decelerations for fetal asphyxia is between 30 and 
40%.16
On the other hand, the negative predictive value of normal fetal heart rate patterns is very 
high. A normal, reactive FHR pattern on the CTG is thus a very reliable predictor for fetal 
well-being. It is the confirmation that the FHR pattern is normal, and the near 100% certainty 
that the fetus is in good condition, which have made cardiotocography so attractive.6
Another issue in this context is the duration of abnormal FHR patterns in the prediction 
of fetal asphyxia. Low et al.17 demonstrated that FHR variables like baseline variability and 
late and prolonged decelerations, start to discriminate between asphyxiated infants and 
healthy infants during the last two hours prior to delivery, and are most evident in the last 
hour before delivery. More recent, Williams and Galerneau18 again demonstrated a narrow 
1-hour window in which FHR patterns predict fetal asphyxia. The duration of abnormal FHR 
patterns appeared twice as long in infants with seizures (72 ± 12 minutes) than in infants 
without seizures (36 ± 18 minutes).   
5. Inappropriate interpretation of FHR patterns
Cardiotocography was initially introduced merely on an empirical basis. At the start little 
was understood of the (patho)physiology at the basis of the FHR pattern, the many factors 
influencing the shape of the FHR pattern and the clinical implications to be drawn from 
“abnormal” FHR patterns. A classic example is the pseudo-sinusoidal pattern related to 
fetal sucking which for a long time was not distinguished from the truly sinusoidal pattern 
associated with serious fetal anemia or severe fetal acidosis. Another example is the use of 
maternally administered medication. The effects of various maternal medications on the 
FHR pattern were initially not known. Decreased FHR variability caused by betamimetics and 
magnesium sulfate was confused with decreased FHR variability caused by fetal acidosis. 
Incomplete knowledge of the underlying physiologic characteristics of several specific FHR 
patterns has led to inaccurate interpretations of fetal condition and inappropriate obstetric 
interventions.19
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Despite its limitations, EFM is still the most widely used tool to assess the fetal condition 
during labour. Lack of better techniques to identify hypoxic fetuses leave us no choice 
than to resort to EFM as the primary screening test for intrapartum fetal asphyxia. EFM in 
principle permits continuous accurate monitoring, permits using the fetus as its own control 
and evaluation of the tolerance of the fetus to the stress of the individual contraction, and 
permits the diagnosis of potentially catastrophic events in timely fashion. As Schifrin states 
in his article on medical legal issues in fetal monitoring: “There is no example of hypoxia or 
death without warning on a monitor”.20 
Quality of fetal heart rate monitoring
The importance of recording a good quality tracing as a prerequisite for the prediction 
of fetal hypoxia is not or scarcely addressed in international guidelines 21-23 and reviews on 
EFM.24,25 Only the International Federation of Gynaecology & Obstetrics (FIGO) guidelines 
report on signal loss. Below 20% signal loss is considered acceptable.23 Literature on litigation 
and EFM do address the subject and keep harping on the importance of adequate quality 
tracings.20,26,27 Signal loss or unintentional recording of the maternal heart rate reduce the 
ability to recognize fetal oxygenation deprivation. Mistaking the maternal heart rate for the 
fetal heart rate can lead to some disastrous outcomes and has become a common allegation 
in malpractice cases.20 This thesis stresses the importance of good quality tracings. At the 
same time the thesis demonstrates the disappointing quality of both FHR and UA tracings 
in an obstetric unit with special attention for and a tradition in EFM. Median fetal signal loss 
for external ultrasound varies between 5% and 7% in the first stage of labour (table 1). This 
percentage can be even higher if the mothers’ heart rate instead of the FHR is monitored. 
In those traces the median for fetal signal loss is 22%, while in traces without maternal 
registration the median is 8%. In the second stage of labour fetal signal loss is higher 
and varies between 9% and 19%. For the internal mode the quality of FHR monitoring is 
significantly better during both the first and second stage of labour, 1% and 4% fetal signal 
loss respectively. The percentage of recordings that exceed the acceptable limit of 20% 
reported by the FIGO guidelines is much higher with the external method than with the 
internal method for both the first and second stage of labour (table 1).
In twins the quality of the recorded tracings is worse. FHR tracings in those high risk 
labours are characterized by 12% (twin 1) to 11% (twin 2) fetal signal loss in the first stage 
of labour for external ultrasound (table 1). In the second stage the percentages rise to 23% 
for the first and 21% for the second twin. If the first twin is monitored by the internal 
method this influences the percentage of fetal signal loss for the second twin monitored 
with external ultrasound. Fetal signal loss is then lower but is still 9% in the first and 16% in 
the second stage of labour. Although the internal mode, with a signal loss of 0.4%, is very 
accurate in obtaining a good quality trace in the first stage of labour, in the second stage of 
labour signal loss is still 9%. Again the percentage of recordings that exceed the acceptable 
limit of 20% reported by the FIGO guidelines are higher for the external than the internal 
method in both stages of labour (table 1).
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This thesis demonstrates the internal mode to be superior to the external mode in 
obtaining a good quality FHR trace. The internal method is however an invasive method 
and is therefore associated with certain risks. Since it requires ruptured membranes, the 
suggestion has been made that it increases the risk of intraamniotic infection. This suggestion 
has been investigated by Soper and co-workers.28 They found the use of internal monitors 
to be an independent risk factor for intraamniotic infection. In 97.7% of the patients with an 
intraamniotic infection the internal monitor had been used versus 69.6% in the group with 
no infection. The incidence of intraamniotic infection in this study (10.5%), however, was 
much higher than estimated on retrospective reviews (0.7- 1.3%). Second, the definition of 
intraamniotic infection in this study differed from the one commonly used. Third, the study 
population was predominately indigent and black. 
Other complications have been described as well. Although infrequent, there have been 
reports of uterine perforation and fetal haemorrhage due to puncture of a fetal vessel or 
placental abruption as well.29 The internal method as a cause of additional risk, though, is 
uncertain in those case reports. 
table 1. Fetal signal loss during the first and second stage of labour for singletons and twins
first stage Second stage
Singletons uS Di uS* Di* uS Di uS* Di*
Number 54 76 160 151 48 72 37 139
Signal loss (%)
Median 5 0.8 7 1 9 3 19 4
Interquartile range 9 0.8 14 3 21 7 28 10
Exceeding FIGO criteria (>20%)23
Cases 9 0 35 4 17 6 18 15
Percentages 17 0 22 2.6 35 8 48 11
twins uS1 uS2 Di1 uS2 uS1 uS2 Di1 uS2
Number 104 104 140 140 33 33 150 150
Signal loss %
Median 12 11 0.4 9 23 21 9 16
Interquartile range 27 11 2 17 21 23 12 16
Exceeding FIGO criteria (>20%) 23
Cases 36 36 3 36 18 21 25 62
Percentage 35 35 2 26 55 63 17 41
US: external ultrasound; DI: direct mode; US 1: ultrasound twin 1; US 2: ultrasound twin 2; DI 1: 
direct mode twin 1.
* First external monitoring later followed by internal monitoring.
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Uterine activity monitoring
The complete and therefore true cardiotocogram is the result of a combined recording of 
the fetal heart rate and uterine contractions. Both parameters are required for appropriate 
reading and interpretation of a intrapartum cardiotocogram. In the discussions on EFM, 
monitoring of uterine activity is only scarcely addressed and seems to be of minor importance 
compared to the FHR. Most international guidelines do not acknowledge the importance 
of UA in labour. The evidence-based clinical guideline on EFM by the Royal College of 
Obstetricians and Gynaecologists (RCOG) doesn’t even mention UA at all.21 The American 
College of Obstetricians and Gynecologists (ACOG) provides guidelines for monitoring, 
interpretation and management on FHR patterns but none on UA.22 The FIGO guidelines 
give minor attention to the subject of UA. They mention only the contraction frequency. 
A contraction frequency of more than 4 per 10 minutes is considered ominous leading to 
insufficient time for placental perfusion and results in “iatrogenic fetal distress”.23 The Dutch 
occupational group for gynaecologists (NVOG) recommends a contraction frequency of 3 
contractions per 10 minutes.30 The subject of uterine activity is addressed in the guideline 
on the induction of labour (date September 2006),30 but surprisingly not in the guideline on 
fetal surveillance (date February 2004)31. In the guideline on induction of labour it is stated 
that the use of an intra uterine pressure catheter is under discussion, that additional value of 
its use is not established and serious complications, although rare, may occur. 
It is important to monitor contractions closely since uterine contractions with an intra 
uterine pressure exceeding 30 mm Hg interrupt placental blood flow. If uterine activity is 
increased over a longer period this leads to an elevated incidence of low pH values in the 
umbilical artery. This applies for all contraction parameters in the first and second stage 
of labour. Fetuses with an umbilical cord pH lower than 7.12 at birth have been exposed 
more often to contraction patterns with a short relaxation time, and a long duration, high 
amplitude and increased surface of the contractions. Since contraction units like Montevideo 
units, active planimeter units and contraction frequency are composed of these parameters, 
they are increased as well. The impact of elevated uterine activity on the fetus’ condition is 
presented in chapter 6 of this thesis.
These findings are supported by studies on fetal oxygenation saturation (SpO2) during 
labour. A fetus is considered not to be at risk for acidosis if the SpO2 value is above 30%.
32-34 
In normal labour the mean saturation level remains above this 30% level, namely 54%.35 
In case of tachysystole, defined as a contraction frequency of more than 5 per 10 minutes, 
SpO2 levels can be low as 36%
35 and 23%36. If the contraction frequency becomes normal 
again, less than one contraction every two minutes, oxygen saturation returns to normal 
levels.35
In order to diagnose excessive UA the obstetrician needs to dispose of a good quality 
uterine contraction trace. Chapter 4 of the thesis demonstrates that the quality of both 
external and internal UA monitoring during labour and delivery can be rather disappointing. 
Only one external tocogram (2%) is of adequate quality throughout the complete two hour 
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lasting first stage recording. Although the internal tocogram is of better quality, there is only 
a percentage as low as 40% of adequate registrations during the first stage. In the second 
stage of labour, 34% of the external obtained traces and 29% of the internal obtained traces 
is adequate during the complete second stage.
In our studied population, the quality of the uterine contraction trace is inadequate during 
some period in time in more than 50% of the registrations for both methods during both 
stages of labour. If the external method is used to monitor UA in the first stage of labour, the 
obstetrician is not informed on uterine contractions during a median period of 20 minutes of 
the 2 hour lasting recording. In case the internal method has been used during the first stage 
of labour this does not occur. In spite of calibration errors with the internal method, during 
all the time a contraction pattern is recognizable. Excessive UA in terms of tachysystole and 
hyperstimulation is recognizable and the appropriate response, discontinuation of oxytocin in 
case of hyperstimulation, can be performed. Adequate monitoring of UA and an appropriate 
response in case of excessive UA is a prerequisite for adequate intrapartum fetal surveillance 
and is one of the basic principles to decline an allegation of malpractice.20,26  In the second 
stage of labour approximately 30% of the time the clinicians is not adequately informed 
about the patterns of uterine activity for both methods. 
Solutions to the EFM problem
1. High quality fetal heart rate monitoring
Errors commonly observed in CTG interpretation are directly related to the quality of the 
data acquisition. It is therefore crucial to achieve a high quality FHR trace. Quality of FHR 
monitoring is not always adequate, especially with the use of the external method. Signal 
loss provides the obstetrician with incomplete information and prevents adequate reading 
and interpretation of the FHR trace. Changing the position of the external transducer or 
placement of a new scalp electrode is then to be considered. 
2. Prevent monitoring of the maternal heart rate 
Fetal monitors cannot detect the difference between fetal and maternal heart rate signals. 
Therefore, fetal life should be confirmed prior to application of the electronic FHR monitor. If 
fetal movements can not be palpated then real-time ultrasound can be helpful in confirming 
fetal life. It may appear easy to detect the signal to be the fetus’ signal. However, the maternal 
heart rate can mimic the FHR if the maternal heart rate is above 100 beats per minute; e.g. 
in case of maternal infection, anemia and excessive maternal stress or pushing efforts in 
the second stage of labour.37 To reduce the risk of misidentification, it is recommended in 
literature to simultaneous palpate the maternal radial pulse for a minimum of 1 minute while 
listening to the device sounds. Only in case of doubt, real-time ultrasound is recommended 
to prevent misidentification.
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It is our belief that when in doubt, the easiest and most solid way to differentiate between 
fetal and maternal signals is with the help of real-time ultrasound. If fetal life is confirmed 
and the ultrasound transducer to record the FHR is in place, the maternal heart rate should 
be monitored continuously in order to prevent misidentification later on during labour. Any 
sudden shift in the baseline FHR can indicate that the maternal pulse rather than the fetal 
pulse is being recorded. This situation may occur if the ultrasound transducer slips out of 
position with maternal movements or in the case of twins, where the transducer starts 
to record the maternal pulse after delivery of the first twin. To avoid this error, check the 
FHR of the second twin by real-time ultrasound after birth of the first twin and adjust the 
transducer position if necessary. Monitoring of the maternal instead of the fetal heart rate 
occurs primarily while using external monitoring. With the direct method, maternal heart rate 
monitoring is a rare source of error and only occurs in case of fetal demise. The automatic 
gain then enhances the electrocardiographic signal obtained from the mother either through 
the fetal spiral electrode or via the reference electrode. The maternal ECG complex will then 
serve for further processing, and a recording of the maternal heart rate will be obtained. 
3. Adequate quality uterine activity monitoring 
Oxytocin-induced hyperstimulation and tachysystole can lead to prolonged decelerations, 
aggravation of existing late or variable decelerations, uterine rupture, fetal hypoxia and brain 
damage. The risk that this situation occurs is higher when monitoring of uterine contractions 
is not performed or is inadequate. Excessive UA remains unrecognized and the appropriate 
response, i.e. decrease or discontinue oxytocin infusion, is omitted or delayed. Detection of 
UA and obtainment of a high quality UA trace is therefore an essential part of intrapartum 
fetal surveillance. If the tocograph ceases to record contractions for a significant period of 
time the situation should be corrected by replacing the tocodynamometer or inserting a new 
intra uterine pressure catheter.  
4. Standardization of interpretation and management
The National Institute of Child Health and Human Development has produced standardized 
and unambiguous definitions of FHR patterns in 1997. The definitions cover baseline FHR, 
FHR variability, accelerations, late decelerations, early decelerations, variable decelerations 
and prolonged decelerations. Despite the standardized definitions it proves to be very 
difficult to make recommendations for clinical management. There is good agreement on 
FHR patterns with normal baseline and baseline variability in the presence of accelerations 
and in the absence of decelerations and at the other end of the spectrum FHR patterns with 
absent variability in the presence of recurrent late or variable decelerations or a prolonged 
bradycardia.11 However, most fetuses have FHR patterns during the process of labour and 
delivery intermediate between these two extremes, especially in the second stage of labour. 
Second stage cardiotocograms do not fulfill the criteria of normality for antepartum and first 
stage labour FHR tracings in 90% of the cases.38
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table 2. Education and training aspects on electronic fetal heart monitoring
Availability of protocols how, when and whom to monitor
Understanding of the various monitoring techniques
Understanding of (patho)physiology at the basis of the fetal heart rate and uterine activity
Knowledge of technical pitfalls
Knowledge on the effects of paper speed and vertical scaling
Knowledge of the many factors influencing fetal heart rate and uterine activity patterns
Knowledge of all relevant clinical data
Discipline in reading, classification and interpretation of fetal heart rate patterns
5. Education and training 
The interpretation of the CTG is subject to variation even among obstetric experts. 
However, CTG interpretation can be improved with formal education and training. A regular 
and a structured program of compulsory training on the interpretation of cardiotocograms for 
all staff involved in intrapartum care should be provided by all maternity units. Regular “CTG 
study days” and weekly case review meetings will ensure that staff, residents, midwifes and 
nurses keep up to date. Self-directed learning should be encouraged. Learning resources such 
as books, interactive CD-ROMs or access to websites should be provided. Finally, guidelines 
on CTG interpretation and appropriate management options for abnormal cardiotocograms 
in spontaneous, augmented and induced labour are helpful to the clinician in daily obstetric 
practice.6,26 Table 2 presents an overview of the aspects involving education and training.6
6. Use of internal monitoring
The data presented in this thesis show that internal monitoring of the fetal heart rate and 
uterine activity provides us with the best quality traces. If one decides to monitor one should 
do it properly and obtain the best method available i.e. internal monitoring for both FHR 
and uterine contractions. More frequent use of internal monitoring in daily practice might 
be one solution to the EFM debate. In addition, the direct mode can provide supplementary 
information about the condition of the fetus from the analysis of the T/QRS ratio and the ST 
segment within the FECG complex.39 
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SUMMARY
Electronic fetal heart rate monitoring (EFM) is universally adopted in obstetrics for clinical 
use since the early sixties. EFM enables recording of tracings from the fetal heart rate (FHR) 
and the uterine contraction curve using two methods: external or internal monitoring. With 
both methods the FHR and uterine contractions are graphically displaced on a paper tracing 
which is called a cardiotocogram (CTG). Continuous monitoring of the FHR provides more 
complete and objective information on the fetal condition than intermitted auscultation of 
the FHR. It enables interpretation of FHR patterns and more important interpretation of FHR 
patterns in relation to uterine contractions. The latter is the principle of EFM since uterine 
contractions decrease uterine and spiral artery blood flow and eventually can cause adverse 
fetal outcome.
Fetal death is almost always preceded by pathological changes in the FHR pattern. EFM is 
therefore in potential able to predict and prevent fetal death. A clinically significant benefit 
from the use of continuous EFM has been reduction in the incidence of neonatal seizures. 
However, the general view is that following its introduction, the incidence of cerebral palsy has 
remained unchanged while the percentage cesarean and operative deliveries has increased. 
This opinion originates from randomized controlled trials (RCTs) performed in the seventies 
and eighties. These studies suffer from a number of serious drawbacks and inadequacies. 
They compromise a mixture of low and high risk patients and preterm and term labours. 
Allocation and outcome parameters varied likewise. Nearly all of the randomized controlled 
trials would not fulfill current standards for quality of RCTs.
Following the introduction of cardiotocography, changes in attitudes on obstetrics and 
maternal-fetal medicine by the clinicians and the public have favoured obstetric interventions. 
The main line in obstetric policies has moved towards prevention of serious maternal and 
fetal risks under all circumstances.
  
The quality of the cardiotocogram is hardly ever questioned in reviews on EFM. However, 
medico-legal allegations do address inadequate quality traces as a major cause of errors in 
CTG interpretation. Good quality uterine activity (UA) and fetal heart rate traces are of prime 
importance for proper use of EFM. 
This thesis reports on the quality of intrapartum EFM. The aim has been to investigate 
the quality of FHR and uterine contraction monitoring in everyday’s practice and the impact 
of UA on fetal condition. Part 1 focuses on the fetal heart rate and part two on uterine 
contraction monitoring. 
The quality of intrapartum FHR monitoring in singletons is addressed in chapter 1. The 
amount of fetal signal loss was quantified in relation to the method of monitoring: external 
via ultrasound or internal via a scalp electrode.
Intrapartum recordings stored during a six month period were analysed. The recordings, 
239 in total, were from consecutive deliveries at the Vrije Universiteit Medical Center in 
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Amsterdam. Included intrapartum FHR recordings were obtained from spontaneously 
delivered singletons. The recordings had a duration of at least one hour prior to birth of the 
infant. Subdivision in three groups took place on the basis of the recording technique which 
had been used; i.e. ultrasound, scalp electrode or a combination of both methods. Fetal 
signal loss is defined as absent FHR recording or recording of the maternal heart rate in stead 
of the fetal heart rate.
Recordings obtained via ultrasound have significantly more fetal signal loss than those 
obtained via the direct mode. Fetal signal loss in the first stage of labour is 5.2% with 
external ultrasound and 0.8% with application of a scalp electrode. In the second stage of 
labour, fetal signal loss increases to 9.5% for the external and 3% for the internal method. 
In the second stage of labour, nearly half of the cases (48%) monitored with external 
ultrasound, exceeded the 20% acceptable limit for fetal signal loss as defined by the 
International Federation of Gynecology and Obstetrics (FIGO). Intrapartum FHR monitoring 
via a scalp electrode provides far better quality FHR signals than via external ultrasound. The 
general opinion that external FHR monitoring provides adequate quality tracings appears to 
be untrue. If there is an indication for FHR monitoring, the best method available should be 
applied. Internal monitoring deserves a more prominent position in fetal surveillance than it 
currently has in many obstetric units worldwide. 
Twins are of increased risk for neonatal morbidity and also mortality, especially during 
labour. Adequate intrapartum monitoring is therefore essential. chapter 2 focuses on the 
quality of the intrapartum FHR recordings in twins.
In a period of eight years, one hundred seventy- two intrapartum FHR recordings were 
found eligible. The recordings were from twins born at the Vrije Universiteit Medical Center 
in Amsterdam. All twins delivered via the vaginal route. FHR recordings had a duration of at 
least one hour prior to the birth of the second twin. Subdivision took place on the basis of 
the recording technique; i.e. ultrasound or scalp electrode. 
  There is significantly more fetal signal loss in recordings obtained via ultrasound than 
in those obtained via the direct mode. In the first stage of labour, fetal signal loss with 
the ultrasound mode is 11% while with the direct mode fetal signal loss is as low as 0.4%. 
The percentage of fetal signal loss increases to 23% for the external ultrasound mode 
in the second stage of labour. Again, the direct mode has far better quality FHR traces 
since signal loss is only 9%. 26-33% of first stage and 41-63% of second stage ultrasound 
intrapartum fetal heart rate recordings in twins exceed the FIGO criteria for fetal signal loss. 
The deplorable quality of the external obtained FHR recordings, especially during the second 
stage of labour, is distressing. In this stage of labour fetuses are the most at risk. In addition, 
the second twin is more at risk and less well monitored than its birth mate. The management 
of intrapartum fetal surveillance in twins should be by means of internal monitoring for the 
first twin and should also be considered for the second twin after the first twin is born, 
especially when the expulsion period of the second twin exceeds 10-15 minutes. 
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chapter 3 provides an overview of the currently available knowledge on the methods to 
monitor UA and the units to quantify UA. It assesses the importance of abnormal contraction 
patterns on the condition of the fetus.
Internal monitoring of uterine contractions is still considered the “golden standard”. 
Although internal UA monitoring is invasive and does not appear to improve obstetric 
outcome it has many advantages over external UA monitoring. The main advantages are: (1) 
ability to obtain objective information on quantitation of UA and (2) ability to obtain a good 
quality trace in an obese, restless patient. Since additional information on UA is required in 
situations like slow or induced labour and obesity is a growing problem in western countries, 
it is to be expected that internal UA monitoring will be of more significance in the near 
future.
Accurate information on UA is essential because elevated UA during the first and second 
stage of labour can increase the risk of adverse fetal outcome. The relaxation time appears 
to be an important contraction parameter to maintain fetal well-being during labour. 
Abnormal contraction patterns like skewed contractions and polysystole are characterised by 
a shortening of the relaxation time. If they persist over a longer period of time severe fetal 
asphyxia can occur. Duration, amplitude and frequency of contractions are of importance as 
well. Quantitative units that incorporate these three contraction parameters are therefore 
recommended. The mean active pressure unit, in contrast to the Montevideo unit, meets these 
criteria and is therefore the recommended unit to quantify UA. Unfortunately, tachysystole 
sometimes remains unidentified in cases of frequent low amplitude contractions. Therefore, 
it is safer if additional information on uterine contraction parameters such as frequency and 
relaxation is acquired as well.
Only limited research in the area of UA monitoring has been performed recently. Most 
of the presented literature is more than 20 years old. International guidelines provide the 
clinician limited or even no advice on how to monitor and quantify UA. This is even more 
distressing since proper application of UA monitoring is a prerequisite for high quality 
cardiotocograms and adequate reading and interpretation of the FHR pattern. 
External uterine activity monitoring is the most frequently used method worldwide to 
monitor uterine contractions. In 1997, 80-85% of the deliveries in the United States were 
monitored by means of external tocography. The quality of the external tocogram is presumed 
to be comparable with the quality of the internal tocogram. chapter 4 describes whether 
this assumption is correct. It addresses the quality of the intrapartum uterine contraction 
curve. First and second stage labour uterine contraction curves were analysed in relation to 
the technique applied: external or internal.
Intrapartum tocograms collected during a six month period were analysed.  Included 
recordings were from singleton, spontaneous vaginal deliveries at the Vrije Universiteit 
Medical Center in Amsterdam. The last two hours of the first stage and the complete 
second stage had to be monitored. The total database consisted of 192 UA recordings. 
Internal and external UA recordings were judged by their quality: adequate or inadequate. 
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An adequate UA recording means that a recognisable and reliable UA pattern during the 
complete registration is obtained. Recordings labelled as inadequate were divided in two 
groups: absence of UA recording (non recognisable) or inadequate calibration of uterine 
contractions (unreliable).
The percentages adequate UA recordings in the first stage of labour are much higher for 
the internal than the external mode. Only 2% of the external recordings are of good quality 
against 40% of the internal recordings. In the second stage percentages of adequate UA 
recordings are nearly equal, approximately 30%.
Inadequate external registrations are characterised by almost 30% of the time absent 
UA monitoring, while with inadequate internal registrations the primary problem is correct 
calibration.
We conclude that intrapartum UA monitoring via the direct mode provides a more 
recognisable UA trace. Inadequate registration caused by avoidable calibration errors is of 
less significance than inadequate registration caused by absent UA. With calibration errors 
interpretation of the uterine contraction curve is still possible, while persistent absence of 
the UA trace for a significant period of time will make it troublesome or even impossible 
to interpret the FHR pattern in relation to the uterine contraction curve, in particular when 
FHR decelerations occur. Hyperstimulation or tachysystole can remain unrecognised and the 
appropriate action can be delayed or will not be performed at all. A high quality tocogram is 
a necessary condition to monitor the fetus condition.
chapter 5 provides more insight in the fetal mechanisms as a response to uterine 
contractions. The focus in this chapter is why correct assessment of uterine activity patterns 
is so important.
UA causes a decreased blood flow through the uterine artery. In the healthy uncompromised 
fetus, this will not immediately lead to fetal acidemia. The fetus has developed protection 
mechanisms and can survive labour without being damaged. First, fetal preload increases 
during a contraction and enables to maintain a constant blood flow through the umbilical 
artery. Second, UA increases the blood flow in the fetal middle cerebral artery, i.e. the brain-
sparing effect. Third, the fetus has more capacity to carry oxygen due to an increase in 
haemoglobin. Finally, the fetus has an increased oxygen affinity and a relatively high heart 
rate resulting in a high cardiac output.
In the compromised fetus or in case of excessive UA a fetus cannot compensate the stress 
of labour. Umbilical artery blood flow starts to decrease and oxygenation is diminished. To 
compensate, the flow in the middle cerebral artery increases even more.
One must be alert to excessive UA in all circumstances and, in compromised fetuses, 
even to apparently normal intrapartum UA. Elevated UA during the first and second stage 
of labour increases the risk of adverse fetal outcome. Oxytocin has to be administered with 
care and if this potentially dangerous drug is administered, a good quality uterine contraction 
trace must be obtained. Adequate UA monitoring is a prerequisite for proper reading and 
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interpretation of cardiotocograms. It alarms us in case of excessive UA and helps us to avoid 
fetal acidemia. 
The objective of this chapter 6 is to assess the role of uterine activity on fetal outcome. 
Intra uterine pressure (IUP) recordings from consecutive vaginal deliveries during a period of 11 
years have been analysed. Included recordings were from term singletons. Fourteen hundred 
thirty-three recordings have been included. For each recording the uterine contraction curve 
has been analysed. The following contraction parameters were determined: relaxation 
time; contraction duration, frequency, amplitude and surface; Montevideo units and active 
planimeter units. IUP recordings and contraction parameters from deliveries ending with an 
umbilical artery pH of ≤ 7.11 were compared with those ending with an umbilical artery pH 
of ≥ 7.12.
Increased uterine activity is significantly associated with a higher incidence of fetuses 
born with an umbilical artery pH ≤ 7.11. Logistic regression demonstrates that two of 
the contraction parameters predict an adverse umbilical artery best: increased first stage 
contraction frequency and a high cumulative contraction surface. Elevated UA during the 
first and second stage of labour increases thus the risk of adverse fetal outcome. The hazards 
of tachysystole and hyperstimulation are once again emphasized. From this study and ample 
clinical experience it is obvious that contraction monitoring deserves full attention in daily 
obstetric practice.  
In chapter 7, the general discussion, the results of the thesis in relation to the implications 
for clinical practice are discussed. The problems with EFM are discussed and possible solutions 
are postulated.
The efficacy of EFM is limited due to a number of factors. At first, not all cases of cerebral 
palsy can be prevented with the use of intrapartum FHR monitoring. Although around 20% 
of the cases of cerebral palsy can be attributed to intrapartum events there is still 80% 
cerebral palsy not related to asphyxial birth injury. Second, the FHR patterns associated with 
intrapartum asphyxia are not always understood and recognized. Third, lack of standardized 
definitions of FHR patterns leads to inter- and intra-observer variability.
To overcome these problems, the interpretation of FHR patterns and the resulting 
management of labour should be standardized. Clinicians attending the process of 
labour must have knowledge of technical aspects and related pitfalls, CTG reading and 
interpretation, and the most appropriate obstetric management. Gathered knowledge ought 
to be preserved by repetitive training and education.
CTG reading and interpretation is not possible if the quality of the traces is inadequate or 
not obtained at all. A high quality trace for both the FHR and the uterine contraction trace 
should be obtained at any time. This thesis demonstrates that the quality of both traces in 
daily practice often is not adequate, a problem that especially may occur with the use of 
the external method of EFM. Signal loss is a frequent phenomenon and maternal heart rate 
monitoring instead of the FHR can easily happen. Incorrect assessment of the FHR pattern 
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and the uterine contraction curve to assess the fetal condition in relation to uterine activity 
may be the consequence. Ability to adequately read and interpret the FHR trace and the 
uterine contraction curve can be one solution to the problems with EFM and may reduce the 
number of unnecessary obstetric interventions.
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SAMENVATTING
Sinds de jaren zestig wordt elektronische registratie van het foetale hartfrequentiepatroon, 
ook wel cardiotocografie genoemd, wereldwijd toegepast in de obstetrie. Cardiotocografie 
maakt het mogelijk om de foetale hartfrequentie en de uterusactiviteit te registreren met 
behulp van een tweetal methoden: uitwendige en inwendige registratie. Beide methoden 
resulteren in een grafische weergave van het foetale hartfrequentiepatroon en de 
uterusactiviteit, ook wel cardiotocogram (CTG) genoemd. 
Uitwendige registratie van de foetale harttonen maakt gebruik van ultrageluid dat met 
behulp van een transducer via het maternale abdomen wordt uitgezonden en verandert van 
frequentie door het bewegende foetale hart. Deze frequentieveranderingen (de “Doppler-
shifts”) zijn hoorbaar te maken en zijn gerelateerd aan de snelheid van de bewegingen van 
de hartkleppen of van de bloedstroom in de diverse vaten. Uiteindelijk wordt de Doppler-
shift door de transducer omgezet in een elektrisch signaal, de hartslag. 
Bij inwendige registratie van de foetale harttonen wordt via een elektrode op directe wijze 
het ECG-complex van de foetus verkregen. Er wordt gebruik gemaakt van een spiraalelektrode 
die geplaatst wordt op het voorliggend deel; de foetale schedel of stuit. Voorwaarden daarbij 
zijn enige ontsluiting van de cervix en de aanwezigheid van gebroken vliezen. De foetale 
hartfrequentie wordt vervolgens berekend vanuit de R toppen van het foetale ECG-complex. 
Op het moment dat het elektrische signaal is gegenereerd, uitwendig dan wel inwendig, 
wordt de tijd berekend die verstrijkt tot aan de volgende hartslag. Het tijdsinterval tussen de 
opeenvolgende hartslagen/ R-pieken vormt de basis voor de berekening van de hartfrequentie. 
De berekende foetale hartfrequentie wordt vervolgens uitgeschreven op papier waardoor 
een continue registratie van het foetale hartfrequentiepatroon mogelijk is. 
Continue registratie van de foetale hartfrequentie geeft meer complete en objectieve 
informatie over de foetale conditie dan het intermitterend beluisteren van de foetale 
hartfrequentie. Het maakt het mogelijk om het foetale hartfrequentiepatroon te interpreteren 
en nog belangrijker interpretatie van het foetale hartfrequentiepatroon in relatie tot de 
uterusactiviteit. Dit laatste is de essentie van cardiotocografie. 
Foetale sterfte wordt bijna altijd voorafgegaan door pathologische veranderingen in het 
foetale hartfrequentiepatroon. Cardiotocografie heeft daardoor de potentie om foetale 
sterfte te voorspellen en te voorkomen. Desondanks heeft de invoering van cardiotocografie 
niet geleid tot een dalende perinatale sterfte. De incidentie van “cerebral palsy” is stabiel 
gebleven en het percentage sectio cesareas en kunstverlossingen is gestegen. Het enige 
bewezen klinisch voordeel van het gebruik van cardiotocografie is een daling in de incidentie 
van neonatale convulsies. Deze “feiten” zijn gebaseerd op onderzoek uitgevoerd in de jaren 
zeventig en tachtig. Hoewel het gerandomiseerde gecontroleerde studies betreft hebben 
ze vele tekortkomingen. De patiëntpopulaties waren niet vergelijkbaar en bestonden uit 
een mengelmoes van laag en hoog risico patiënten en premature en a terme partus. De 
randomisatie werd verschillend verricht en ook de uitkomstparameters varieerden. Deze 
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gerandomiseerde studies voldoen niet aan de huidige standaarden voor kwalitatief goede 
studies.
De “relatie” tussen het gestegen aantal sectio’s en kunstverlossingen en de invoering 
van de cardiotocografie dient kritisch bekeken te worden. Niet alleen werd vanaf de 
jaren zeventig de cardiotocografie ingevoerd maar ook veranderde de attitude van zowel 
de clinicus als de samenleving ten opzichte van de obstetrie c.q. de foeto-maternale 
geneeskunde. Waar voordien het beleid conservatief was wordt tegenwoordig meer 
gekozen voor een invasief beleid. Foetale en maternale morbiditeit en mortaliteit probeert 
men onder alle omstandigheden te voorkomen. Dit betekent meer sectio’s bij soms hele 
jonge zwangerschappen. 
De kwaliteit van het CTG wordt bijna nooit in twijfel gebracht in reviews aangaande 
cardiotocografie. Echter, medicolegale zaken geven aan dat inadequate kwaliteit van het 
CTG een belangrijke oorzaak is van foutieve interpretaties. Adequate registratie van de 
patronen van uterusactiviteit en de foetale hartfrequentie is van het grootste belang voor 
het lezen, classificeren en interpreteren van een cardiotocogram.
Dit proefschrift gaat over de kwaliteit van intrapartum cardiotocografie. Het doel was 
om de kwalitatieve aspecten van deze methode in het dagelijks gebruik te onderzoeken. 
Een tweede doel was de invloed van uterusactiviteit op de foetale conditie te bestuderen. 
Het eerste deel van het proefschrift betreft de foetale hartfrequentie en het tweede deel de 
uterusactiviteit.
hoofdstuk 1 behandelt de kwaliteit van intrapartum cardiotocografie bij eenlingen. De 
hoeveelheid signaalverlies is gekwantificeerd in relatie tot de gebruikte techniek: extern via 
ultrasound of intern via een schedelelektrode.
Intrapartum registraties verkregen van 1 januari 2001 tot 1 juli 2001 zijn geanalyseerd. De 
registraties, 239 in totaal, waren afkomstig van opeenvolgende spontane eenling bevallingen 
in het VU medisch centrum te Amsterdam. De registratie diende een duur te hebben van 
tenminste een uur voorafgaande aan de geboorte. Onderverdeling in drie groepen vond 
plaats op basis van de gebruikte registratiemethode: ultrasound (= externe methode), 
schedelelektrode (= interne methode) of een combinatie van de twee. Foetaal signaalverlies 
is gedefinieerd als afwezige foetale hartfrequentie registratie of registratie van de maternale 
hartfrequentie in plaats van de foetale hartfrequentie.
Ultrasound registraties hadden significant meer signaalverlies dan registraties verkregen 
met een schedelelektrode. Foetaal signaalverlies in de ontsluitingsperiode is 5.2% met 
ultrasound en 0.8% met de schedelelektrode. In de uitdrijvingsfase neemt het signaal 
verlies toe tot 9.5% voor de externe methode en 3% voor de interne methode. Tijdens 
de uitdrijving voldoet 48% van de externe registraties niet aan de 20% acceptabele limiet 
voor signaalverlies zoals gedefinieerd door de International Federation of Gynecology 
and Obstetrics (FIGO). Intrapartum registratie van de foetale hartfrequentie verkregen 
met behulp van een schedelelektrode resulteert in een veel betere kwaliteit van foetale 
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hartfrequentiepatronen dan met ultrasound. De algemene opinie dat externe registratie 
van de foetale hartfrequentie een kwalitatief goede registratie geeft vergelijkbaar met de 
interne methode blijkt dus niet waar. In obstetrische afdelingen wereldwijd wordt echter 
meestal de externe methode toegepast. Als er een indicatie is om de foetale hartfrequentie 
te monitoren, gebruik dan de best beschikbare methode. Wij concluderen dan ook dat de 
interne methode om de foetale hartfrequentiepatronen te registreren een meer prominente 
rol verdient in foetale bewaking durante partu.  
Tweelingen hebben een verhoogd risico op neonatale morbiditeit en ook mortaliteit, vooral 
gedurende de bevalling. Adequate foetale bewaking durante partu is daarom essentieel. 
hoofdstuk 2 richt zich op de kwaliteit van intrapartum foetale hartfrequentieregistraties bij 
tweelingen. In een periode van 8 jaar kwamen 172 registraties in aanmerking voor inclusie 
in de studie. De registraties waren van tweelingen geboren in het VU medisch centrum te 
Amsterdam. Alle tweelingen werden vaginaal geboren. De registraties hadden een duur 
van tenminste een uur voorafgaande aan de geboorte van de tweede van de tweeling. 
Onderverdeling vond plaats op basis van de gebruikte registratietechniek: ultrasound of 
schedelelektrode. 
Er is significant meer signaalverlies van de foetale hartfrequentie in registraties verkregen 
door middel van ultrasound dan in de registraties verkregen met een schedelelektrode. Tijdens 
de ontsluiting kan het signaalverlies met de ultrasound methode oplopen tot 11% terwijl dit 
met de schedelelektrode 0.4% is. Het percentage signaalverlies met ultrasound neemt toe 
tot 23% in de uitdrijvingsfase terwijl dit voor de interne methode 9% is. De directe methode 
resulteert ook bij tweelingen in een betere kwaliteit van de foetale hartfrequentieregistraties. 
Van de registraties verkregen met ultrasound in de ontsluitingsfase voldoet 26-33% niet 
aan de FIGO criteria voor signaalverlies. In de uitdrijvingsfase neemt dit percentage toe 
tot 41-63%. De matige kwaliteit van de externe registraties, vooral tijdens de uitdrijving, 
is verontrustend. Tijdens deze fase is voor de foetus het risico op neonatale morbiditeit en 
mortaliteit het hoogst. Daarbij wordt de tweede van een tweeling blootgesteld aan meer 
risico’s en wordt hij/zij ook nog eens minder goed bewaakt dan de eerste van een tweeling. 
Bij tweelingen is, afhankelijk van de situatie, interne registratie van het foetale hartritme 
te adviseren voor de eerste van een tweeling. Voor de tweede van een tweeling is interne 
registratie te overwegen vooral wanneer de tijd tussen de geboorte van beide kinderen de 
15 minuten overschrijdt. 
hoofdstuk 3 geeft een overzicht van de huidige methoden die gebruikt worden om 
uterusactiviteit te registreren en te kwantificeren. De relatie tussen normale en abnormale 
patronen van uterusactiviteit en de foetale conditie wordt besproken.
Inwendige registratie van uterusactiviteit wordt nog steeds beschouwd als de “gouden 
standaard”. Het maakt gebruik van een drukkatheter, met fysiologisch zout gevuld of een 
elektronische microtip, en geeft een objectieve meting van de intra-uteriene druk. De 
drukkatheter wordt in de uterusholte ingebracht en aangesloten op een druktransducer. De 
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druktransducer zet de intra-uteriene gemeten druk om in een elektrisch signaal. Voorwaarde 
is echter dat de vliezen gebroken zijn en dat er enige ontsluiting van de cervix is. 
Uitwendige registratie van de uterusactiviteit wordt verricht met behulp van een 
transducer, de tocodynamometer, welke op het maternale abdomen wordt geplaatst met 
behulp van een elastische band. De tocodynamometer registreert veranderingen in de vorm 
van de maternale buikwand zoals die kunnen optreden bij uteruscontracties, maar ook bij 
kindsbewegingen. In feite wordt enkel en alleen de verplaatsing van de sensor die in de 
transducer zit geregistreerd. Een betrouwbare meting van de intensiteit en de duur van de 
uteruscontracties is daarom niet mogelijk. De frequentie van de uteruscontracties kan bij een 
goede kwaliteit tocogram op redelijk betrouwbare wijze verkregen worden. 
Hoewel inwendige registratie potentieel invasief is en geen aantoonbare verbetering 
geeft van de foetale uitkomst heeft het voordelen boven uitwendige registratie. De 
belangrijkste voordelen zijn: (1) het kwantificeren van uterusactiviteit en (2) het verkrijgen 
van een kwalitatief goede registratie in de obese en onrustige patiënt. Omdat informatie 
betreffende de uterusactiviteit essentieel is in het geval van een niet vorderende baring 
dan wel een inleiding en obesitas een toenemend probleem is in de westerse wereld, is het 
te verwachten dat inwendige registratie van de uterusactiviteit in de toekomst een steeds 
belangrijkere rol krijgt.
Accurate informatie over uterusactiviteit is essentieel omdat overmatige uterusactiviteit 
tijdens de partus een verhoogd risico geeft op een ongunstige foetale uitkomst. De 
relaxatietijd blijkt een belangrijke contractieparameter te zijn voor een goede foetale 
conditie durante partu. Abnormale contractiepatronen zoals asymmetrische contracties en 
polysystolie worden gekarakteriseerd door een verkorte relaxatietijd. Indien zij aanhouden 
over een langere periode kan uiteindelijk foetale asfyxie ontstaan. Duur, amplitude en 
frequentie van de contracties zijn ook van belang. Kwantitatieve eenheden die deze drie 
parameters incorporeren worden daarom aanbevolen. De meest gebruikte eenheid is 
tot op heden de Montevideo-eenheid. Voor de berekening van het aantal Montevideo-
eenheden wordt de gemiddelde amplitude van de uteruscontracties gedurende tien minuten 
vermenigvuldigd met de frequentie van de contracties in deze periode. Een andere, minder 
frequent toegepaste kwantitatieve maat betreft de mean active pressure (MAP) eenheid. 
Voor de formule van de MAP eenheid geldt: per seconde het oppervlak onder de curve van 
de uteruscontracties. Anders dan bij de Montevideo-eenheid wordt bij de MAP eenheid 
ook rekening gehouden met de duur van de contracties. De MAP eenheid is daarom een 
betere eenheid om uterusactiviteit te kwantificeren en verdient aanbeveling. Het beoordelen 
van de uterusactiviteit aan de hand van afzonderlijke contractieparameters, zoals frequentie 
en relaxatietijd, dient echter niet vergeten te worden. In geval van frequente contracties 
met een lage amplitude kan het aantal Montevideo- of MAP-eenheden laag zijn terwijl de 
tachysystolie onopgemerkt blijft.  
Het merendeel van het onderzoek op het gebied van uterusactiviteit is meer dan 20 
jaar oud. Internationale richtlijnen geven de clinicus beperkte of helemaal geen informatie 
over de methode hoe uterusactiviteit te registreren respectievelijk te kwantificeren. Dit is 
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verontrustend omdat adequate registratie van de uterusactiviteit een voorwaarde is voor 
kwalitatief goede CTG’s en voor het adequaat lezen en interpreteren van het foetale 
hartfrequentiepatroon.
Uitwendige registratie van de uterusactiviteit is de meest gebruikte methode wereldwijd. 
In 1997 werd 80-85% van de bevallingen in de United States geregistreerd door middel 
van externe tocografie. Er wordt aangenomen dat de kwaliteit van het externe tocogram 
vergelijkbaar is met de kwaliteit van het interne tocogram. hoofdstuk 4 gaat over de 
kwaliteit van het intrapartum tocogram. De uterusactiviteit ten tijde van de ontsluiting en 
uitdrijving werden geanalyseerd in relatie tot de toegepaste methode: extern of intern.
Intrapartum tocograms verzameld gedurende een periode van 6 maanden werden 
geanalyseerd. Geïncludeerde registraties waren van spontane, eenling partus in het VU 
medisch centrum te Amsterdam. De laatste twee uur van het ontsluitingstijdperk en de 
gehele uitdrijvingsperiode moest geregistreerd zijn. De totale database bestond uit 192 
registraties. Externe en interne uterusactiviteit registraties werden beoordeeld op hun 
kwaliteit: adequaat of inadequaat. Een adequate registratie houdt in dat het tocogram een 
herkenbare en betrouwbare registratie geeft van de uterusactiviteit gedurende de gehele 
registratie. Registraties gelabeld als inadequaat werden onderverdeeld in twee groepen: 
afwezige registratie van uterusactiviteit (niet herkenbaar) of inadequate “ijking” van 
uterusactiviteit (onbetrouwbaar).
Het percentage adequate registraties tijdens de ontsluiting is veel hoger voor de interne 
dan voor de externe methode. Van de externe registraties is maar 2% van goede kwaliteit 
ten opzichte van 40% van de interne registraties. Tijdens de uitdrijving is het percentage 
goede registraties bijna gelijk voor beide methoden, ongeveer 30%. 
Inadequate externe registraties worden gekarakteriseerd door afwezige registratie van 
uterusactiviteit, gemiddeld 30% van de tijd. Het primaire probleem met de interne registraties 
is incorrecte ijking. 
Wij concluderen dat intrapartum uterusactiviteit registratie via de interne methode een 
beter herkenbaar patroon van de uterusactiviteit geeft. Inadequate registratie ten gevolge 
van incorrecte ijking is van minder groot belang dan inadequate registratie veroorzaakt door 
afwezige registratie van uterusactiviteit. In geval van een foutieve ijking is interpretatie van 
de uterusactiviteit in het algemeen nog mogelijk, terwijl het persisterend afwezig zijn van 
uterusactiviteit registratie over een significante periode in de tijd het vrijwel onmogelijk maakt 
om de foetale hartfrequentie in relatie tot de uterusactiviteit te beoordelen, vooral wanneer 
er deceleraties in het foetale hartfrequentiepatroon zijn. Overstimulatie of tachysystolie kan 
onopgemerkt blijven en de noodzakelijke actie hierop, zoals het onderbreken van oxytocine 
infusie of het toedienen van een tocolyticum, kan vertraagd zijn of zelfs uitblijven. Een kwalitatief 
goed tocogram is een noodzakelijke voorwaarde om de foetale conditie te bewaken.
hoofdstuk 5 geeft meer inzicht in de foetale mechanismen als reactie op uteruscontracties. 
Dit hoofdstuk benadrukt waarom het goed registreren van uterusactiviteit zo belangrijk is. 
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Uterusactiviteit verlaagt de bloedstroom door de arteria uterina. In de gezonde foetus 
leidt dit niet onmiddellijk tot foetale acidose. De foetus heeft beschermingsmechanismen 
ontwikkeld om de stress van een baring te overleven zonder schade. Als eerste wordt de foetale 
preload tijdens een contractie verhoogd. Dit zorgt voor het behouden van een constante 
bloeddoorstroming van de arteria umbilicalis. Ten tweede wordt de bloeddoorstroming in de 
arteria cerebri media verhoogd tijdens een contractie, “het brain-sparing effect”. Ten derde 
verschilt het foetale hemoglobine van volwassen hemoglobine waardoor het een verhoogde 
affiniteit heeft voor zuurstof. Doordat er tevens een hoge concentratie foetaal hemoglobine 
is kan er meer zuurstof vervoerd worden wat ook weer een verbeterde oxygenatie geeft van 
het foetale bloed, de foetale organen en de foetale weefsels. Als laatste heeft de foetus een 
relatief hoge hartslag wat resulteert in een hoge cardiac output.
Deze compensatiemechanismen zijn ontoereikend indien de foetus gecompromitteerd is of 
in geval van excessieve uterusactiviteit. De foetus kan onmogelijk nog de bloeddoorstroming 
in de arteria umbilicalis stabiel houden. De oxygenatie vermindert hetgeen leidt tot anaërobe 
glycolyse en uiteindelijk ook een maximaal “brain-sparing effect”.  
De clinicus moet alert zijn op excessieve uterusactiviteit en, in een gecompromitteerde 
foetus, zelfs op ogenschijnlijk normale uterusactiviteit durante partu. Overmatige 
uterusactiviteit durante partu geeft een verhoogd risico op een ongunstige foetale uitkomst. 
Oxytocine moet voorzichtig worden toegediend. Wanneer dit in potentie gevaarlijke 
medicijn wordt toegediend is een goede kwaliteit van het tocogram een eerste vereiste. 
Adequate registratie van de uterusactiviteit is een voorwaarde voor het goed kunnen lezen 
en interpreteren van het tocogram. Het alarmeert ons in geval van overmatige uterusactiviteit 
en helpt foetale acidose te voorkomen. 
Het doel van hoofdstuk 6 is de invloed van uterusactiviteit op de foetale conditie vast 
te stellen. Intra-uteriene drukregistraties van opeenvolgende vaginale partus gedurende 
een periode van 11 jaar werden geanalyseerd. De geïncludeerde registraties, 1433 in totaal, 
waren van a terme eenlingen. De uterusactiviteit van elke registratie werd geanalyseerd. De 
volgende contractieparameters werden bepaald: relaxatietijd; contractieduur, - amplitude, 
-oppervlak en -frequentie; Montevideo eenheden en active planimeter eenheden. Intra-
uteriene drukregistraties en contractieparameters van bevallingen eindigend met een pH van 
de arteria umbilicalis ≤ 7.11 werden vergeleken met registraties die eindigden met een pH in 
de arteria umbilicalis ≥ 7.12. 
Toegenomen uterusactiviteit is significant geassocieerd met een hogere incidentie van 
foetus geboren met een pH van de arteria umbilicalis ≤ 7.11. Logistische regressie toont 
aan dat twee contractie parameters de beste voorspelling geven op het ontstaan van 
een ongunstige pH van de arteria umbilicalis: toegenomen contractiefrequentie en een 
hoge cumulatieve waarde van het contractieoppervlak, beide ten tijde van de ontsluiting. 
Toegenomen uterusactiviteit durante partu geeft dus een verhoogd risico op een ongunstige 
foetale uitkomst. De gevaren van tachysystolie en overstimulatie worden hier wederom 
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benadrukt. De resultaten van deze studie ondersteunen nog eens extra dat het registreren 
van uteruscontracties van groot belang is in de dagelijkse obstetrische praktijk. 
In hoofdstuk 7, de algemene discussie, worden de resultaten van het proefschrift in relatie 
tot de implicaties voor de dagelijkse obstetrische praktijk besproken en bediscussieerd. De 
problemen ten aanzien van cardiotocografie worden gerubriceerd en eventuele oplossingen 
worden aangedragen.
De efficiëntie van cardiotocografie is beperkt door een aantal factoren. Ten eerste, niet alle 
gevallen van “cerebral palsy” kunnen worden voorkomen door het gebruik van intrapartum 
cardiotocografie. Hoewel ongeveer 20% van de gevallen met “cerebral palsy” kan worden 
toegeschreven aan gebeurtenissen durante partu is er nog steeds een percentage van 80% 
wat niet aantoonbaar gerelateerd is aan asfyxie ten tijde van de partus. Ten tweede, foetale 
hartfrequentiepatronen geassocieerd met intrapartum asfyxie worden niet altijd begrepen 
en herkend. Ten derde, het gebrek aan gestandaardiseerde definities van het foetale 
hartfrequentiepatroon leidt tot inter- en intra-observer variabiliteit.
Om deze problemen te overwinnen zal het lezen, classificeren en interpreteren van foetale 
hartfrequentiepatronen en het daaruit voortvloeiende beleid moeten worden gestandaardiseerd. 
Medici betrokken bij de bevalling moeten beschikken over kennis aangaande technische 
aspecten van cardiotocografie en de daarbij behorende valkuilen. Verworven kennis moet 
behouden blijven door middel van herhaalde training, onderwijs en audit.
Het lezen en interpreteren van CTG’s is niet mogelijk indien de kwaliteit van de registraties 
onvoldoende is of indien er überhaupt geen registratie aanwezig is. Een kwalitatief goede 
registratie voor zowel de foetale hartfrequentie als de uterusactiviteit is een eerste vereiste. 
Dit proefschrift laat zien dat de kwaliteit van beide registraties in de dagelijkse praktijk veelal 
onvoldoende is, een probleem wat vooral optreedt bij het gebruik van de externe methode. 
Signaalverlies is een veel voorkomend probleem en registratie van de maternale hartfrequentie 
in plaats van de foetale hartfrequentie kan gemakkelijk optreden. De consequentie is dat de 
relatie tussen de foetale hartfrequentie en de uterusactiviteit niet goed te beoordelen is en 
daarmee de foetale conditie niet goed in te schatten valt. Een optimale kwaliteit van het 
cardiotocogram kan bijdragen aan de discussie omtrent het gebruik van cardiotocografie en 
kan in potentie resulteren in minder onnodige obstetrische interventies. 
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DANKWOORD
Het boekje is af. Iedereen die er een bijdrage aan heeft geleverd wil ik bedanken. Een 
aantal wil ik graag bij name noemen.
Allereerst Prof. Dr. H.P. van Geijn, lieve Herman, aan jou heb ik ontzettend veel te danken. 
Jij bood mij een baan aan als verloskundige en nam me aan voor de opleiding tot gynaecoloog. 
Ik moest mij echter wel eerst bewijzen. Ik hoop dat ik dat met dit boekje gedaan heb. Jouw 
bijdrage aan het geheel is essentieel geweest. Een onbegrensde hoeveelheid tijd heb je in 
me gestoken omdat je zowel promotor als copromotor was. Beide taken heb je fantastisch 
uitgevoerd. Een betere (co)promotor had ik me niet kunnen wensen. Veel heb ik van je 
geleerd. Nooit hoefde ik lang te wachten op je kritische maar o zo belangrijke feedback die 
dit proefschrift hebben gemaakt tot wat het is. Ik ga onze besprekingen missen, maar vooral 
ook je gezelligheid. Je oprechte interesse in mij als persoon heb ik altijd zeer gewaardeerd. 
Je hebt aangekondigd dat je er binnen afzienbare tijd mee stopt. Ik hoop in deze korte 
periode die nog rest onze geweldige samenwerking te kunnen voortzetten. Herman, 
bedankt voor alles!
Collega onderzoekers, G.J. Colenbrander, D.J. Kuik, P.H.J. Kurver, S. van Rijswijk, M. 
Zikkenheimer, beste Gerard, Joop, Piet, Suzanne en Marjoes. Bedankt voor jullie specifieke 
bijdrage aan het proefschrift. Zonder jullie hulp had ik al die artikelen niet kunnen 
publiceren. 
In het bijzonder wil ik noemen, A.A. Verstraeten. Beste Rob, door afschuwelijke 
omstandigheden heb jij het eindresultaat nooit kunnen aanschouwen. Ik denk echter 
met warme gevoelens terug aan onze samenwerking. Iedere statistische vraag, klein en 
groot, loste jij voor mij op. Met veel geduld heb je me de broodnodige statistische kennis 
bijgebracht. Bedankt!
Leden van de promotiecommissie, Prof.dr. W.P.F. Vetter, Prof.dr. J.M.G. van Vught, Prof.
dr. S.A. Loer, Prof.dr. G.H.A. Visser, Prof.dr. J.G.  Nijhuis, Prof.dr. J.A.M. van der Post, dr. 
F.P.H.A. Vandenbussche. Graag wil ik u allen bedanken voor het kritisch doornemen van het 
proefschrift.
Gynaecologen, collega A(N)IOS en andere medewerkers van het Medisch Spectrum 
Twente, hartelijk dank voor jullie steun, begrip en belangstelling.
Mireille Bekker, lieve Mireille, tijdens de COBRA cursus in Leiden luisterde ik met veel 
bewondering naar jou aanpak in het afronden van je eigen proefschrift. Daarmee was 
jij degene die de aanzet gaf tot de afronding van mijn proefschrift. Ik heb je werkwijze 
overgenomen en zie hier het resultaat.
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Alle vrienden en vriendinnen, de afgelopen drie jaar waren druk en schitterde ik vele 
malen in afwezigheid. Mijn werk in Enschede maakte het er niet beter op. Nu ik weer “thuis” 
ben en de promotie is afgerond hoop ik dat we elkaar weer vaker zullen zien.
Mijn schoonouders, lieve Frans en Anna, enorm veel interesse heb jullie getoond in dit 
enorme project van mij. Jullie enthousiasme motiveerde me iedere keer weer om door te 
gaan als ik het even niet zag zitten. Heel hartelijk dank voor jullie steun en liefde. 
Jacqueline van der Meer, lieve Jacq, als 17-jarige stond ik voor jouw deur en vroeg ik jou 
hoe ik verloskundige kon worden. Later leerde ik van jou de fijne kneepjes van het vak. Jij 
leerde mij wat fysiologie is en vooral veel geduld te hebben. Een eigenschap die mij bij het 
schrijven van dit boekje zeker van pas is gekomen. 
In de loop der jaren is een hechte vrienschap tussen ons ontstaan en kon ik altijd op je 
rekenen. Ik ben vereerd dat jij mijn paranimf wilt zijn.
Gerda Bakker, allerliefste zus, vanaf het moment dat ik geboren werd zijn wij onafscheidelijk 
geweest. Bij alle grote en kleine gebeurtenissen in mijn leven was jij aanwezig. Ik daarentegen 
liet het weleens afweten. Professie en promotie waren de grote boosdoeners. Het boekje is 
nu echter af. Ik kan niemand anders bedenken dan jij die ik op deze dag liever naast mij zou 
willen hebben. Lieve zus, wat moet ik zonder jou. 
Mijn ouders, allerliefste pappa en mamma, waar een wil is is een weg, dat was altijd jullie 
motto. En nu na al die jaren hebben jullie wederom bewezen dat dat waar is. Het boekje is 
af en zonder jullie steun was me dat niet gelukt. Altijd stonden jullie voor me klaar met een 
onbegrensde hoeveelheid liefde. Het was soms lastig te begrijpen waar ik mee bezig was, 
toch waren jullie altijd vol enthousiasme, belangstelling, begrip en vooral ook trots. Ook ik 
ben trots, trots dat jullie mijn ouders zijn.
Tenslotte, mijn allerliefste Remko, jij hebt dit boekje tot een waar kunstwerk gemaakt. 
Eindeloos veel tijd heb je er in gestoken en het resultaat liegt er niet om. Niet alleen artistiek 
gezien ben je me enorm tot steun geweest ook jouw bijdrage aan de inhoud is aanzienlijk. 
Zonder jou begrip, steun en kritische noot was dit boekje er nooit gekomen. 
Al die uren die ik erin gestoken heb was ik niet beschikbaar voor jou. Desondanks klaagde 
je nooit. Zelfs niet toen ik naar Enschede moest en de weinige vrije tijd die we samen hadden 
grotendeels opging aan het proefschrift. Al die verloren tijd gaan we inhalen. Gelukkig 
hebben we daar een heel leven samen voor. Ik kan niet wachten. Op naar het volgende, 
gezamenlijke, “project”!
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